Interspecific interactions between the American mink (Neovison vison, Schreber 1777) and European otter (Lutra lutra, Linnaeus 1758)

Saba Saleh Yafai
A thesis submitted in partial fulfilment of the requirement of Staffordshire University for the degree of Master of Philosophy

Awarded by Staffordshire University
June 2011

Abstract

American mink (Neovison vison) have been declining in the UK after having increased for several decades. Mink is an invasive species to the UK, imported from North America to supply the fur farming industry, and it threatens the survival of an endangered native species, namely the water vole (Arvicola terrestris). Recent population recovery in the Eurasian otter (Lutra lutra) means the American mink are now coming into contact with a previously absent native mustelid, which could be a potential competitor. 

This research examined the causes and consequences of the decline of the American mink in North Staffordshire. A range of approaches were: laboratory experiments, field experiments, field surveys and DNA analysis. Each of these approaches focused on a particular facet of the overall aims to determine resource overlap and ecological segregation between otters and mink; mink response to the odour of European otter and the impact of otter presence on water voles. 

There are two mechanisms through which mink and otters could compete 

(i) exploitation competition, by which one or both species depletes a common resource;

 (ii) interference competition, by which one species precludes the other from accessing the resource through aggression and harassment. This study aimed to explore both of these mechanisms. 

In support of interference competition, a temporal study of changes in mink and otter densities and distribution in the Staffordshire Moorlands was undertaken. A comparison of the results of sign surveys between 2002-03 and 2004-05 highlighted that the presence of otters can lead to a significant and rapid decline of mink density and distribution, with results demonstrating a 57% decrease in the number of mink scats, and mink being replaced by otters in 43% of sites which mink previously occupied. I further explored the interference hypothesis by undertaking olfactory tests observing the response of mink to otter odour. The results suggested significant aversion of mink to tunnels and rafts scented with otter odour compared with control odour.

Exploitation competition was addressed by analysing dietary changes of mink in response to increased densities of otters. The diet of mink at relative higher otter densities included a higher proportion of terrestrial prey items than at lower otter densities, indicating a lower niche overlap. These observations could be attributed to asymmetric exploitation competition, particularly when considering that otters are better adapted to an aquatic lifestyle and therefore are better at accessing aquatic prey than mink. 

In conclusion, the evidence from this thesis provides a strong indication that competition between the European otter and the American mink is an important factor in limiting mink populations. However, the exact mechanism, or combination of mechanisms still requires further research.  Understanding the causes of mink decline is highly relevant to UK biodiversity conservation because of its potential consequences for vulnerable water vole populations.
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1.1 Thesis Aims and Structure
The main question addressed in this thesis is what are the causes of the decline of the American mink (Neovison vison, Schreber, 1777) in the UK?  The thesis focuses attention on competition with the Eurasian otter (Lutra lutra Linnaeus, 1758) as a plausible factor in mink decline. It is divided into seven chapters, and is written in such a way that many of the chapters are largely independent, although overlap has sometimes been necessary for cohesion of the thesis.

In order to address most ecological questions a variety of approaches must generally be used as no single approach is usually sufficient. This is the strategy that has been used in this thesis; laboratory experiments, field experiments, field surveys and DNA analysis have all been used, each addressing a particular facet of the overall aim. Taken together, and recognising the limits of each approach on its own, the aim is to assemble and cross-reference the various pieces of evidence to build up as complete a picture as possible within the given constraints of time and resources.

 In Chapter 1, gave an introduction to the structure and content of the research as well as an introduction to the species involved in the research.

In Chapter 2, the various methods available to study otters and mink were discussed. This chapter reviews all the approaches available, and summarises the pros and cons of such approaches. 

In Chapter 3, natural changes in otter and mink abundance was exploited to test for competition between otters and mink. Results are compared to a nearby area with no otters. DNA profiling of otter spraints was performed in the final year of the study to provide a fuller picture of otter status in the study area.

In Chapter 4, investigation was made into whether the diet of mink shifted as the density of otter increased as evidence of exploitation competition. In particular, hypothesis that at higher otter density, the diet of mink becomes more terrestrial was tested. Spraint counts coupled with DNA profiling of otter spraints (Chapter 3) was used to establish otter numbers in the study area.

In Chapter 5, the interference hypothesis was explored, to explain the decline of mink. Specifically, the response of mink to the scent of otters using a combination of laboratory choice experiments and a field study was tested.

In Chapter 6, an examination of local interactions between otter, mink and water vole was made, to determine the impact of otter re-colonisation on water vole. Monitoring changes in the distribution of water vole and mink following re-colonisation of otters enabled me to assess the indirect effect of otters on water vole. The study was conducted on still-water fisheries, and not the riparian strips explored in chapter 3, since a comparison was made with a previous study, in the area, on water voles (Ball, 2000).

In Chapter 7, a summary of all the evidence gathered in the thesis is presented to establish the existence and intensity of competition between otters and mink.  A number of hypotheses to explain the effect of otter scent marks on mink are discussed, and these are linked to observations on mink abundance and distribution in the study area. The conservation implications of the development of an otter-mink-water vole system are considered.

1.2. Evidence for negative interaction between otter and mink

Mink first became established in the UK during the 1950s and 1960s following escapes from mink (fur) farms and deliberate releases, and by the 1970s the species was well established in England and Wales and across much of Scotland 

(Dunstone, 1993, Halliwell and Macdonald, 1995). They established themselves in the wild at a time when otters were declining and some believed there to be a link 

(Lever, 1985), but it was soon realised that the decline was mainly due to pollutants, such as DDT and dieldrin which affected a population already struggling from persecution (Chanin and Jefferies, 1978). In recent years, as a result of conservation measures effectively banning harmful pollutants and the hunting of otters 

(Chanin and Jefferies, 1978), and a series of re-introduction projects, otters have been recovering in many areas (Strachan and Jefferies, 1996).

Latterly, evidence of a mink decline was provided by analysis of the results of the 1991-1994 Otter Survey of England for three regions: South-west, Severn-Trent and Anglian (Strachan and Jefferies, 1996) and a comparison with those of the survey of 1984-1986 (Strachan et al., 1990). In addition, the timing and extent of the decline could be clearly correlated, although may not be directly linked, to the timing and size of the recovering otter population (Strachan and Jefferies, 1996). The releases of captive-bred otters by the Otter Trust on the Rivers Nene (Northamptonshire) and Thames (Oxfordshire) provided incidental new evidence of a negative interaction between the two species (Jefferies 2003, 

Bonesi and Macdonald 2004). After the introductions, the mink population local to the otter releases were found to have disappeared within one year, and two years respectively (Bonesi, 2002; Jefferies et al., 2000). 

Strachan and Jefferies (1996) suggested that the decline of mink was the result of competition with the larger otter since mink were declining in areas where the otter was abundant, while increasing in numbers in areas where the otter was in low abundance or absent. The research described in this thesis is designed to explore the mink/otter relationship to explain the decline and apparent displacement of mink in England. It also explores the local indirect effects of mink/otter interaction on the water vole (Arvicola terrestris).

1.3. Competition

Many authors have attempted to define competition and debated the validity of various types of evidence for demonstrating the existence and importance of this interaction

(e.g. Birch, 1957; Keddy 2001). Birch (1957) states that “Competition occurs when a number of animals (of the same or different species) utilise common resources the supply of which is short, or if the resources are not in short supply, competition occurs when the organisms seeking that resource nevertheless harm each other in the process.” Embedded within this description are two mechanisms of competitive interaction. Interference competition is a direct interaction, usually of an aggressive nature, that results in the exclusion of individuals from a preferred area. Exploitation competition requires the depletion of a resource such that another individual is disadvantaged. 

Demonstration of competition occurrence between long-term coexisting species is a considerable challenge, since species whose resources overlap and that have coexisted for a long time may have adapted in such a way so as to avoid the deleterious effects of competition, a phenomenon coined “the ghost of competition past” by 

Connell (1980).  The study of otters and mink does not suffer from this complication since mink are relatively recent intruders to the UK.

1.4. Studies on otter and mink- the mechanism and form of the interaction

There has been a considerable number of studies undertaken which suggest that there is evidence for competition between otters and mink (Erlinge 1972;

Jenkins and Harper 1980; Chanin, 1981; Clode and Macdonald, 1995; Bueno, 1996; 

Strachan and Jefferies 1996, Previtali et al. 1998 and Ruiz-Olmo et al., 2001, 

Bonesi et al., 2004, Bonesi et al., 2006). Most of these studies attempted to establish dietary overlap between the two species. Intraguild competition can be manifested in aggressive encounters seen between two carnivores of different sizes residing within the same habitats and with some degree of dietary overlap (Jefferies 2003), as seen between stoats (Mustela erminea) and weasels (Mustela nivalis) (King, 1989), red fox (Vulpes vulpes) and pine marten (Martes martes) (Strachan et al., 1996); wolf (Canis lupus) and red fox (Macdonald, 1987); tigers (Panthera tigris) and leopards (Panthera pardus) (Thapar, 1989), etc. In its mildest form one species can indirectly interfere with the other by disrupting the communication system. For example, Wickens (1991) observed that otters interfered with mink scent by over-marking with their spraints (i.e. otter faeces) over piles of scats (mink faecal deposits). Consequently, the mink no longer used those sites. While at its most severe, intraguild competition can take the form of lethal fighting and the predation of the smaller carnivore by the larger (Jefferies, 2003). 

1.5. A local perspective

The Severn-Trent region comprises two adjacent hydrometric areas, the River Severn and its tributaries, which rise in the Welsh hills; and the River Trent and its tributaries, which rise in the Peak District of Derbyshire and Staffordshire (Strachan and Jefferies, 1996). The Results of the 2000-02 National otter survey for this region showed a 24.37% increase in positive sites i.e. places where signs were found, compared to the sites surveyed in 1977-79 (Crawford, 2003). The Trent catchment in particular showed one of the largest increases in positive sites of any of the catchments and regions into which England was divided for the survey (Crawford, 2003). Recently, the results of the Fifth National otter survey have shown an even greater increase (Crawford, 2010) of 56% in positive sites since 1977-79. Repeated surveys by the Staffordshire and Derbyshire Wildlife Trusts have indicated the presence of otters on the rivers Sow, Trent, Dove, Churnet and Tame, as well as many small watercourses (Nick Mott, pers. corr.). 

Mink signs have been reported on the Tean (Nick Mott pers. corr.) and Churnet

(Preston, 2002) and mink trapping has been necessary on many of the fisheries in Staffordshire (Don Cauldon, Environment Agency Trent and Dove Catchment Fisheries officer pers. comm.). In addition, of one hundred surveys undertaken along the River Dove, Churnet and Tean (and their tributaries), scats were detected on the Tean, although in low numbers, and on the River Churnet and its tributaries, which had the highest counts of field signs, contributing 40% to the total count (Mott 1997).

The Severn-Trent catchment also holds good numbers of water voles compared to many areas in the country (Vincent Wildlife Trust, 2000), with the county of Staffordshire lying within this catchment and containing the strongest colonies. Candlin (2000) found that, in terms of sites with confirmed breeding signs, the larger more viable water vole colonies were located mainly in the northern half of the county including Newcastle, Stoke and the Staffordshire Moorlands. 

1.6. Species Description: The American mink

Within the family of the Mustelidae, the North American mink belongs to the subfamily of the Mustelinae (weasels, martens, polecats (Mustela putorius) and mink).  It is a carnivore with an elongated body approximately 30-45 cm long; relatively short limbs and a tail approximately a third of the body length (Dunstone, 1993). Wild native American mink are uniformly dark brown but breeding in fur farms has resulted in a wide range of pelage colours from white, grey, fawn, through to black (Dunstone, 1993). As in other mustelids, mink exhibit a pronounced sexual dimorphism in size, males being about twice as heavy as females (Eagle and Whitman, 1987). The weight of adult males varies from 0.8 to 2.0 kg and that of females between 0.5 and 0.8 kg (Dunstone, 1993). Females produce their first litter when one year old and may reproduce once a year thereafter. In England the mating season varies between January and March and is influenced by increasing photoperiod (Duby and Travis, 1972). 

Fur farms first introduced American mink into Britain in the 1920s, from native North American stock, to be bred commercially. Through a combination of poor husbandry, housing, vandalism and the ability of mink to escape confinement, the mink quickly established feral populations and has become one of Britain’s most widespread, feral, non-native carnivore (the domestic cat being the other) (Dunstone, 1993). This is the case throughout most European countries including Scandinavia and Russia where commercial fur farming also took place (Corbet and Harris, 1991).

Mink occupy a wide range of wetland habitats, including streams, rivers, lakes, saltwater and freshwater marshes, and coastlines, with the highest densities of mink found on the coasts followed by eutrophic rivers and lakes, and the lowest densities found in oligotrophic waters (Dunstone and Birks, 1985). 

1.7. Species Description: European otter

Otters are also members of the family Mustelidae, and belong to the subfamily of the Lutrinae (Woodroffe, 2001). The Eurasian otter is one of Britain’s largest carnivores. Males can weigh between 8 and 10 kg and are 30% heavier than females 

(Chanin, 1993). The otter’s elongated body, webbed feet, adaptable eye lenses (to compensate for the different refractive indices of water and air), sensitive whiskers (that allow it to hunt in the water when dark) and muscular tail make it well adapted for a semi-aquatic lifestyle (Woodroffe, 2001). Females produce their first litter after their second year of life and are capable of having young once a year thereafter, although only about 60% do so (Woodroffe, 2001). Litter sizes can vary from one to six cubs (mean two) with an equal sex ratio (Chanin, 1993). In some areas, otters breed only at certain times, for example, in Shetland, 80% are born during the summer months (May to August), with over half between May and June, but in many areas, e.g. mainland England, there is no fixed breeding season and they have been observed to reproduce at any time of the year 

(Harris, 1968). 

Otters have been recorded as exploiting a wide range of aquatic habitats from small ditches, moorland streams, lakes and ponds to large rivers, estuaries and coasts. Although in England and Wales, populations are confined mainly to freshwater, they readily exploit suitable coastal habitat in Scotland and elsewhere (Woodroffe, 2001).

1.8. Impact of Mink on native species in the UK

Widespread establishment of mink has had an impact on mammals 

(Barreto et al., 1998, Erb et al., 2001, Banks et al., 2004), ground nesting water birds 

(Craik 1995, Ferreras & Macdonald 1999, Sidorovich et al., 2001), amphibians

(Ahola et al., 2006) and fish populations (Heggenes & Borgström 1988).

Ferreras & Macdonald (1999) reported that mink in the breeding season significantly influenced coot (Fulica atra) and moorhen (Gallinula chloropus) populations. In particular mink are one of the main perceived threats to the native water vole. It is therefore essential to determine and promote factors encouraging mink decline to protect vulnerable native species. 
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A review of survey methodologies available for otters and mink
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2.1. Abstract

This chapter reviews some of the approaches available to study otters and mink and summarises the pros and cons of such approaches. 
2.2. Introduction

Monitoring the abundance, kinship and distribution of animals is essential for understanding their population ecology and for developing management and conservation actions (Macdonald et al., 1998). There are various methods available for the surveying of wild otters and mink (Melquist et al., 1981; Kruuk et al., 1986; Jansman et al., 2001), these are usually determined by the specific research objectives, and are as follows.

2.3. Direct observations

The monitoring of animal populations is not always easy, especially when the animals involved are rare, endangered or cryptic. Mink and otters are difficult species to work with because they are nocturnal, elusive and live at relatively low densities, making observing them very difficult (Bonesi, 2002). For otters, many authors have adopted the method of using direct observations as the most accurate way for studying this elusive mammal

(Kruuk and Moorhouse, 1991; Kruuk, 1995, 2006; Ruiz-Olmo, 1995; Wilson et al., 1996; Ruiz-Olmo et al., 2001; Wilson and Delahay, 2001; Saavedra, 2002; Chanin, 2003). This method requires otters to be active in daylight and requires individual identification of animals. However, the fact that otters have very little variation in individual markings (Kruuk, 1995, 2006) makes this type of study more complicated and for the procedure, a large quantity of resources, and the use of experienced volunteers maybe required to cover the study area simultaneously (Bravo et al., 1998). 

2.4. Trapping and Radio Tracking

Mink are relatively easy to trap when at high densities but increasingly difficult at low densities (Bonesi, 2002). For this reason, trapping is a suitable means of collecting data on mink individuals and populations in most, but not all, cases. In England, because the otter is a protected species, it is only possible, under exceptional cases, to obtain a permit to trap them. Regarding American mink, in accord and with Schedule 9 of the Wildlife and Countryside Act (1981), it is illegal to release mink into the wild once trapped unless under licence. 

In North America, trapping for the fur trade provided a means of estimating the relative abundance of mink (Erb et al., 2001). However, for the purposes of determining the relative abundance of mink on a regional scale, live trapping is not cost effective.

Bonesi (2002) calculated the time necessary and the costs of surveying a river stretch of 

10 km for one month, assuming the surveyors are paid £7 per hour and excluding the cost of transport. She estimated that trapping would take 80 hours and cost about £650 including bait and anaesthetics, but excluding the costs of traps (approximately £900), while surveying would require only 15 hours and £110. Concluding there to be a 6:1 ratio in the expenses and a 5:1 ratio in the time between the two methods, making  surveying for signs a much cheaper and less time-consuming option.

Radio-tracking is the technique of determining information about an animal through the use of radio signals from or to a device carried by an animal. Three distinct types of radio-tracking are in use today: (1) conventional, very-high-frequency (VHF) radio tracking,

(2) satellite tracking, and (3) Global Positioning System (GPS) tracking. VHF radio-tracking is the standard technique that has been in use since 1963 

(Mech and Barber, 2002).

Radio-tracking offers two advantages to wildlife research: the ability to identify animals and the ability to locate each animal when desired (Mech and Barber, 2002). Radio-tracking; requires the live capture of animals and usually the attachment of a collar or other device to them, with the animal even having to undergo an operation if the transmitter is implanted. Trapping and handling is very stressful for the animal and may even result in a change in normal behaviour with instrumented small mammals having shown impaired movements (Banks et al., 1975; Ó Néill et al., 2008), decreased digging ability (Corner and Pearson 1972), and decreased survival (Webster and Brooks 1980; Wywialowski and Knowlton 1983). In addition, the technique usually requires someone to listen for a signal from the device periodically. This means people in the field. Furthermore, a study of otters and American mink using radio tracking for 3473 and 

889 hr respectively yielded a mere 69 and 2 hr of observations (Melquist et al., 1981).

Trapping is not an unbiased estimate of absolute animal abundance. This is because there is no guarantee that all animals present have been trapped, and because the number of, for example, mink trapped depends on seasonal behaviour and levels of mink activity 

(Ireland, 1990). An Additional problem encountered may be related to whether or not animals become trap-shy or trap-happy (Seymour et al., 2005).

2.5. Sign Surveys

2.5.1. Holt sites

In coastal environments, Kruuk et al., (1998) and Yoxon (2003), approximated otter abundance in an area by counting their den sites (“holts”). This approach is not translatable to a freshwater ecosystem, as the number of den sites can be misidentified if the method is not coupled with radio-tracking technology (Kruuk et al., 1998).

2.5.2. Tracks

Because they are not easily seen, it is difficult to count otters and mink; therefore estimates of densities must rely on other means. A way of monitoring otters and mink that is non-invasive (i.e. does not cause stress to the animal) is looking for their tracks. Tracks of otters and mink can be surveyed in mud or snow. Northern areas of the north hemisphere have snow cover during long durations of the year and snow tracking is a “standard” method for successfully estimating otter populations (Sidorovich and Macdonald, 2001; Chanin, 2003; Arrendal et al., 2007; Sulkava, 2007; Sulkava and Liukko, 2007; 

Hájková et al., 2008). However, in regions which do not experience regular snow fall, this method is not viable.

In addition, the life expectancy of footprints, whether in snow or mud, is probably short since their presence is dependent on external factors such as rain, flooding and trampling (Bonesi, 2002).  It can also be problematical when the habitat is not linear, since it is difficult to locate tracks.  

The Game and Wildlife Conservation Trust mink raft was developed as a simple, low tech device for the purpose of monitoring and trapping mink (Chapter 5, Reynolds et al., 2004). It comprises 3 elements: a buoyant raft base; a removable tracking cartridge usually consisting of a wetted clay pad, and a tunnel, the latter which serves to protect the tracker board from the elements. The clay pad can be used to monitor the presence of mink by means of the footprints or scats left behind. Once signs of mink have been established, a trap can be placed under the wooden tunnel (Reynolds et al., 2004). The advantages offered include; when rafts are in monitoring mode, they can be inspected at a much larger time interval than conventional traps (Reynolds et al., 2004). In addition, in the long term, manpower is saved because the rafts allow assessment of where and when to invest trapping effort (Reynolds et al., 2004). Also, because fewer traps are utilised and because they are set for shorter periods of time, the risk of non-target captures is greatly reduced, particularly terrestrial mammals, since the rafts are in water (Reynolds et al., 2004). Finally, Harrington et al., (2008) found that raft surveys consistently performed better than did sign surveys. However, disadvantages are that the rafts are an additional cost to traps with each raft costing £20 if handmade, or £39 to purchase ready made 

(Reynolds et al., 2004).

2.5.3. Spraints and scats

The use of spraint counts is a viable and a comparatively inexpensive method of determining otter presence and has been adopted in this thesis. Otter spraints are mainly black and tar-like when fresh and have a distinctive, musky odour. Fish bones are clearly visible (Woodroffe, 2001). In contrast, mink scats, tend to be twisted in appearance and smell distinctly unpleasant (Dunstone, 1993). However, the results of spraint surveys need to be treated with caution (Kruuk et al., 1986). One of the problems is that a lack of signs does not necessarily equate to an absence of the species (Kerry, 2002). It is possible that the presence of other otters stimulates marking behaviour because of territorial needs 

(Green et al. 1984). Thus the absence of spraints does not necessarily mean absence of otters, as it may also indicate that they are likely to be sparse (Lenton et al., 1980). The other issue is that otters have been observed to modify their deposition of spraints at different times of year (e.g. Conroy and French, 1987); therefore data must be collected at the same time of year to be comparable. Moreover, male otters have been observed to deposit more spraints than females (Strachan and Jefferies, 1996), thus the spraints found in otter surveys are more likely to be those of males. In addition, signs have a limited life which presumably varies with weather and other conditions. According to 

Kruuk et al., (1986), exposed otter spraints weather in four weeks on Shetland, while Mason and Macdonald (1986) reported that 50% of marked spraints disappeared within three weeks on their Shropshire study site, but some lasted up to 15 weeks.  It is probable that the longevity of mink scats is similar to that of otters; however, mink have a habit of depositing their scats in dens, and it is for this reason that they are expected to last longer, however, may be much less visible. 

Regarding mink, there is a possibility that mink marking behaviour could change in response to the otter’s return (Harrington, 2007). It is possible that mink maybe marking less to avoid advertising their presence to otters (See section 7.5.5. for more detail). Finally, it has been shown that otter, mink and polecat scats may be confused when using morphology alone (Hansen & Jacobsen, 1999). Therefore, it may be necessary, where the species co-exist, to compliment this method with DNA profiling (Section 2.9).

Evidence so far is consistent with the hypothesis that otter spraint surveys produce an estimate of the relative abundance at low densities (Ruiz-Olmo et al. 2001), but not at high densities (Kruuk et al., 1986, Conroy and French, 1987). In conclusion, while the density of spraints or the proportion of sites occupied by otters in an area are not accurate measures of otter densities, a positive relationship between these measures and otter density is to be expected, as observed in most species (Gaston et al., 2000).

2.6. Gradient gel electrophoresis

As mentioned in Section 2.5.3., the number of spraints found is not always directly correlated with the number of otters (Kruuk et al., 1986), especially at higher otter densities (although this is not a problem in the current study) (Kruuk et al., 1986, 

Conroy and French, 1987). It is therefore desirable to find a methodology that can accurately identify individuals. This was attempted by Gorman et al., (1978), using gradient acrylamide gel electrophoresis of anal gland secretions of Lutra lutra. The study revealed pronounced differences between two captive otters (Gorman et al., 1978). In addition, these differences were stable for several weeks (Gorman et al., 1978). The hope was to use differences in the protein secretions to follow the movements of wild otters. Such hopes were confounded since contamination with faeces, urine, semen and substrate all resulted in changes in the pattern of proteins (Gorman et al., 1978). Equally, because the secretions once deposited are rapidly colonised by populations of algae and bacteria, degradation of otter proteins occurs. This means that otter proteins are actually replaced by bacterial and algal proteins on the gel (Gorman et al., 1978).

2.7. Immuno-electrophoresis

Jenkins et al., (1978) attempted to address these problems by the use of immuno-electrophoresis. This method requires the raising of antibodies, in rabbits, to the otter secretions. The rabbit antiserum, containing the antibodies against the otter material, is then used to detect the otter antigens in deposited secretions, even when contaminated. Unfortunately, despite being able to raise antibodies against otter anal sac secretions, these antibodies were specific to otters rather than to individual otters (Jenkins et al., 1978). The technique of two-dimensional immuno-electrophoresis was therefore deemed to be of no value in distinguishing between individual otters (Jenkins et al., 1978).

2.8. Gas chromatography-Mass spectrometry

Prompted by the need for a valid method for gaining information regarding the expanding and introduced/translocated otter populations in the UK, Eleanor Kean, a postgraduate student at Cardiff University has been working on a novel method to monitor otter populations. The main impetus for the research is that otters largely communicate using scent, so an otter spraint has the potential to provide much needed information such as sex, reproductive status and individual identification. Sampling using headspace SPME (Solid phase micro extraction) and analysis using Gas Chromatography and Mass Spectrometry have been used to distinguish volatiles from scent glands taken from post mortems.  Preliminary data show over 40 different components that vary in presence and amount between individuals. It is hoped that further analysis will be used to develop a predictive model with the aim to discriminate otter identity e.g. sex, age or reproductive status 

(Kean, 2009). 

2.9. DNA typing

Field collection of samples such as hair and faeces provide useful information such as presence or absence of a species, along with a rough estimate of abundance. DNA analyses can greatly extend the utility of remotely collected samples such as scat and hair, by determining the species, identity and gender of the individuals from which they came (Piggott and Taylor, 2003; Taberlet et al., 1999).

Recent developments in technology have made DNA typing of otter spraints possible. Otter DNA is present in spraints because epithelial cells are shed from the intestinal lining as the faeces are passed. With the DNA found in otter spraints and the development of DNA markers which depend on the presence of DNA polymorphisms between individuals, individual otters can be recognised by their own specific DNA fingerprint, providing that the amount of genetic variation is high enough. In addition, the sex of the otter and the size of populations and location of home ranges can be estimated (Jansman et al., 2001).  Molecular genetic techniques have also been developed and used for American mink 

(O’Connell et al., 1996; Belliveau et al., 1999; Hansen and Jacobsen, 1999; 

Gomez-Moliner et al., 2004; Shimatani et al., 2008; Shimatani et al., 2010).

Microsatellite DNA is abundant in all eukaryotic genomes examined to date and is usually highly polymorphic (Li et al., 1997). Microsatellite markers were used in this study, since they are also a useful method to assay genetic variation amongst individuals where the quality and quantity of DNA is poor (Chapter 3, Li et al., 1997). Microsatellite loci consist of stretches of repeats in DNA sequence of 2 to 6 bp long. The number of repeats of the short sequence at a particular locus can differ between individuals. The function of microsatellites is unknown and it is assumed that microsatellites are selectively neutral.  Species-specific primers are required to amplify microsatellite loci in a polymerase chain reaction (PCR). These primers have complementary DNA sequences to the DNA flanking the microsatellite. They bind to the target DNA and the DNA between them; the microsatellite is subsequently amplified in the PCR. The length of the PCR product varies with the number of repeats at the locus hence the number of repeats can be determined. The primers can be made to work for all individuals since hardly any mutations occur in the regions surrounding a microsatellite i.e. they are conservative. It is essential that no DNA from other species is amplified, and therefore primers have to be species-specific (Rijswijk, 2001).

Dallas and Piertney (1998) developed a total of 15 otter microsatellite primers, with the SRY primer determining the sex of individuals. Two research groups in Europe have typed otters using DNA obtained in spraints. Coxon et al., (1999) collected over 600 spraints in 1997 and 1998 at several river catchments in the south-west of England. 20% of these were successfully typed revealing at least 57 individuals. Using a slightly different method, Rijswijk (2001) identified a minimum of 11 individuals in the Trebon Basin Biosphere reserve in the Czech Republic, achieving a success rate of 34%. While Shimatani et al., (2010) using 11 microsatellite loci on 72 mink faecal samples were able to successfully analyse 20 samples (28%).

2.10. Closing Remarks 

Although there is an intense interest in non-invasive genetic sampling, only a relatively small proportion of comprehensive studies on wild populations have used non-invasive sampling (e.g. Garnier et al., 2001; Vigilant et al., 2001; Utami et al., 2002). This could potentially increase as more researchers become aware of the considerable potential of molecular analysis. However, techniques are not yet developed to the stage where they can reliably and cost-effectively replace traditional sign surveys. For example, the most crucial aspect of successful DNA analysis of non-invasive material is the level of genetic diversity in a population (Kohn and Wayne, 1997). Unfortunately, the species for which non-invasive genotyping may be the favoured method of study i.e. those which are endangered, are often those suffering from loss of genetic variation due to small population sizes (Frankham, 1995). 

This study served to utilise a range of methodologies, including sign survey (Chapter 3 and 6); The Game and Wildlife Conservation Trust rafts in monitoring mode (Chapter 5); DNA typing (Chapter 3) and, not related to data on abundance, olfaction tests to monitor response of mink to scent of European otter (Chapter 5) and dietary analysis of spraints and scats (Chapter 4). These approaches were dependent on the availability of time and resources and were used in the hope of providing a more holistic approach to research and a fuller picture of the riparian mammal interaction in the Staffordshire Moorlands. 

In the next chapter, changes in mink and otter distribution on a local scale, using spraint and scat surveys over a 4 year period, are explored. The relatively cheap field collection of faeces provided some useful information, such as presence and absence of species and a rough estimate of abundance (Piggott and Taylor, 2003). Genetic analysis of otter spraints in the final year of the study was used, since this method complements sign surveys by extending the utility of such samples, providing information on the species, identity and gender of the individual from which the sample came from (Taberlet et al., 1999). This was not possible for mink, since the low number of fresh scats did not warrant the effort and expense required.
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Chapter 3

Is there local geographical segregation between otter and mink? Sign Survey and DNA profiling
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3.1. Abstract

Interspecific competition, acting as an evolutionary force in the past, has often left its mark on species behaviour, distribution and/or morphology, a phenomenon known as “the ghost of competition past.” This often makes it difficult to detect competition between long-term co-existing species. The comparatively recent introduction of American mink in the UK has allowed interaction of mink with a potential competitor, the otter, to be observed without this “ghost.”

In this study, the patterns of interaction at a local scale were examined by testing the hypotheses that otters replace mink more than mink replace otter, and that mink population density and distribution will be adversely affected in the presence of otters. The latter hypothesis was tested through comparison with control sites without otters. 

Mink and otter densities were assessed using sign surveys, a viable method of determining an estimate of relative otter abundance at low densities, and a cheap and less time-consuming alternative for both species.  The results suggested that otters were stronger competitors, replacing mink in 43% of sites, while mink were not found to replace otters at any of the sites. These observations suggest that interspecific competition could have been in operation. 

DNA profiling of otter spraints was also performed in 2005, since sign surveys provide valuable information on the presence/absence of otters, but are not an unbiased means of determining the number of individual otters in an area. Microsatellite primers have been developed for the otter, five of which are suitable for spraint DNA and were therefore used in this study. In addition a sex-specific primer was also used. DNA samples were extracted from fresh spraints collected from an area encompassing the Rivers Tean, Dove and Churnet. 23 spraints were collected, 5 of which yielded DNA. The amplified microsatellite markers were visualised using an Applied Biosystems 310 Genetic Analyser. A minimum of 4 individuals were determined, with a fifth possibility identified, although the profile for the latter was incomplete. DNA profiling results suggest a promising return of otters to the Staffordshire Moorlands

3.2. Introduction 

3.2.1. Why do species compete?

All species need certain environmental conditions and resources to be viable, termed their niche (Hutchinson, 1957; Holt and Polis, 1997).  Interspecific competition occurs when populations of different species living together within a community use the same resource i.e. when there is an overlap in a niche dimension, and supply of that resource is limited. When all individuals involved are approximately equally good competitors, competition can have a negative effect on fitness-related characteristics of at least one of the competing species (Wiens, 1989). However, it is more common with asymmetrical competition, where individuals of one species are more affected than those of the other are 

(Connell, 1983). Competition is usually classified as either exploitation or interference competition (Park, 1962). 

3.2.2. Types of Competition 

Exploitation competition occurs when one individual uses a resource that deprives another individual of the opportunity to do so (Keddy, 2001). Interference competition is a non-consumptive pre-emption of the resource, usually as a result of direct aggression resulting in individuals interfering with the foraging; survival, reproduction etc., of others 

(Keddy, 2001). However, it may also be more subtle and individuals of a species may avoid stronger competitors of other species rather than risk losing in a fight or being killed (Keddy, 2001). Both types of competition are common amongst territorial animals (Schoener, 1983). 

A guild is characterised by sympatric taxa which use similar resources, and this use of resources can lead to direct and indirect competition, including the direct (intraguild) predation of members of that guild (Simberloff, 1991; McDonald, 2002; 

St-Pierre et al., 2006; Davies et al., 2007). When such competition involves predation, the predator’s gain is two-fold via immediate energy gain and by decreased exploitative competition (Polis et al., 1989). This process has been found to be commonplace in a range of taxa (Polis et al., 1989), notably mammalian carnivores (Palomares & Caro, 1999). For example, wolves Canis lupus  were recognised to have a major influence on coyotes Canis latrans, following wolf introductions to Yellowstone National Park 

(Crabtree & Sheldon, 1999). 

3.2.3. Interspecific competition in mustelids

Numerous studies on interspecific competition between mustelids have been conducted (King and Moors 1979; Dayan and Simberloff; 1998, Mcdonald, 2002). The impetus for many of these studies has come from the clear-cut morphological differences within the guild of mustelids, and competition has been advocated as an explanation for such differences (Dayan and Simberloff, 1998; Mcdonald, 2002). Other studies have concentrated more on the ecology and behaviour. For example, Erlinge and Sandell (1988) showed that stoats (Mustela erminea) are dominant over weasels (Mustela nivalis) in interspecific aggressive encounters because stoats are the larger of the two mustelids being about three times heavier than weasels. In this case, the larger competitor is a generalist, eating mice, voles, lagomorphs and birds. Weasels are smaller than stoats and they are more specialist, concentrating on mice and voles (King and Moors, 1979). However, 

King and Moors (1979) demonstrated that weasels, being able to effectively hunt rodents, the common resource, were superior in exploitation competition. This is because; owing to their small size they can enter nests and runways of small rodents. 

3.2.4. Otters and mink

In the present study, competition between two mustelids, the American mink and the Eurasian otter was tested. Mink were introduced to the UK approximately 80 years ago and started to establish themselves in the wild when otters were declining. In recent years, otters have started to recover, due to conservation measures such as the banning of harmful pollutants (Chanin and Jefferies, 1978).  Therefore it is now possible to observe a system in which populations of these two species is still changing.  

According to Gause’s principle, niche differentiation is necessary if two competing species coexist in a stable environment (Gause, 1934). Taking this into account, we would expect species whose resources overlap, and that have coexisted for a long time, to have evolved mechanisms to survive and steer clear of the deleterious effects of competition. Partitioning in prey size or prey species, hunting behaviour, habitat use and activity pattern may all be adaptations adopted to decrease competition (Major and Sherburne, 1987; 

Arjo and Pletscher, 1999; Mitchell and Bank, 2005).  These adaptations may make it difficult to detect competition between species that have co-evolved, a phenomenon known as the “ghost of competition past” (Conell, 1980).  The relatively recent introduction of American mink means that the study of otter and mink competition is not hampered by the complications usually associated with this phenomenon, potentially making it comparatively easier to detect. 

Seven species of mustelid carnivore live in the British Isles: weasel, stoat, mink, polecat (Mustela putorius), pine marten (Martes martes), badger (Meles meles) and otter. Out of these species, the otter is the most likely to compete with mink because they have the greatest degree of overlap in terms of resources and habitats compared with the other mustelids (Sidorovich et al., 1988). 

Many studies of otter and mink interactions have attempted to establish if competition between the two actually exists. Of these studies, eleven found evidence to conclude that competition between the two existed (Erlinge, 1972; Jenkins and Harper, 1980; 

Chanin, 1981; Clode and Macdonald, 1995; Bueno, 1996; Strachan and Jefferies, 1996; Previtali et al., 1998; Ruiz-Olmo et al., 2001, Bonesi and Macdonald, 2004 and 

Bonesi et al., 2006) while six concluded that there was not (Melquist et al., 1981; 

Wise et al., 1981; Powell and Zielinski, 1983; Ben-David et al., 1995, 

Dayan and Simerloff, 1994 and Medina, 1996). The majority of these studies examined the diet of the two species to establish whether there was an overlap in the use of resources, which, although is a pre-requisite for the existence of competition, cannot be considered sufficient to prove it (Arthur, 1987). Examination of whether the diet of mink shifted in the presence and changing densities of otter will be discussed in the next chapter. The only study where individual mink and otters (Lutra canadensis) were followed was that of 

Melquist et al., (1981) but, in this study, no spatial or temporal segregation was found. However, it is important to note that this study occurred in North America where the two species have co-evolved, therefore the “ghost of competition” past may have been in play. In addition, a lack of spatial or temporal segregation does not mean that competition is not occurring, for example there is no evidence for spatial or temporal avoidance of coyotes (Canis latrans) by swift foxes (Vulpes velox) but nevertheless, 48% of swift fox mortalities were coyote caused (Kitchen et al., 1999). 

3.2.5. Otters and mink in Staffordshire

The Trent catchment showed one of the largest increases in positive sites of any of the catchments and regions into which England was divided for the National surveys (Crawford, 2003) (Fig.3.1). Recolonisation of the European otter to Staffordshire appears to have originated from the upper reaches of the River Severn catchment in Wales and crossed over into the Trent catchment (pers comm. Andrew Crawford). Despite no signs found in a 2000-02 survey on the Upper Dove and Derwent catchments, detailed surveys of the Dove catchment by the Staffordshire Wildlife Trust in 1997, 1999 and 2000, found evidence of otters to just upstream of Ashbourne (SK180467), but few signs in the squares covered in the last National otter survey (Mott, 1997, Mott pers. Comm.). This was also the case in the neighbouring Derwent catchment (Smart, 2000). Anecdotal reports from landowners and fisherman, and a Master’s study conducted on the Churnet (Preston 2002), suggest that otter has now re-colonised Staffordshire. In addition, an initial survey of the Tean, Dove and Churnet by myself in 2001 (Unpublished data), validated this conclusion. 

Figure 3.1. Temporal changes in regional percentage occupancy of otter during the National Surveys. (Crawford, (2003)). 
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The recent evidence on the return of the otter to an area of the UK populated by mink alone made the experiment possible.  The nearby River Blithe which is not yet colonised by otters, but with mink present, acted as a control, and allowed comparison of changes in mink population. To assess the effect of competition at a population level, the study assessed the impact of the arrival of otter on mink density and distribution. A similar study was conducted by Bonesi (2002); however, this study was possible due to the release of 17 otters between April 1999 and October 1999 to sites previously only occupied by mink. In Bonesi (2002), within a year signs of mink had disappeared from 77% of the sites occupied before the introduction of otters, while mink occupancy in the control area remained approximately the same. 

Other studies have recorded population declines in one species upon the increase in density of a competitor. The most relevant is that of the American mink and the European mink (Mustela lutreola) in Belarus, where the former is thought to be at least in part responsible for the decline of the latter (Macdonald et al., 2002).

3.2.6. Hypotheses

The hypotheses were two-fold, that: (1) mink would decline in the colonised area; while there would be no decline in the control area (abundance) and (2) Otters would replace mink more than mink replace otters (distribution).

3.2.7. Experimental Sites 

Figure 3.2. Location of experimental sites. “Colonised” referring to sites which have recently produced evidence of otter, while “control” refers to sites which have not, in any of the National otter surveys revealed otter signs. [image: image2.png]Staffordshire Ecological Record
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Site 1- Cheadle

This is the headwaters of the River Tean and is flanked by recreational ground and a leisure centre. In the lower reaches, on exiting the town, the river flows through semi-improved cattle pasture. The river keeps its stony bed throughout and deepens to an average of 1 m and a width of just over 2 m (Personal Observation). The banks are steep clay up to 2 m high within the town of Cheadle.  The left and right banks have a mixture of principally tall herb with occasional trees such as sycamore (Acer pseudoplatanus) and alder (Alnus glutinosa). This site contains a viable population of water vole (Mott, 1997). 

Site 2- Upper Tean
A narrow (mainly 4-5 m wide but 6-7 m wide in Upper Tean), slightly winding stretch of fast flowing river, flowing through pasture and into the village of Upper Tean. Within Upper Tean the river is canalised. The left bank is dominated by short grazed grass, with sparse patchy tall herb and occasional patches of denser tall herb, lined with closely spaced alder trees, except for the very top of the section. The right bank is dominated by close grazed grass with patchy sparse tall herb e.g. nettle (Urtica dioca).

Site 3- Fole

A straight, channelled section of river alongside a sewage works. The River Tean is very uniform. A large outfall pipe is adding a lot of treated sewage effluent to the river. The left bank has coppiced alders and a mix of other trees including ash (Fraxinus excelsior), sycamore, hawthorn (Crataegus monogyna) and wych elm (Ulmus glabra), plus occasional patches of tall herb. The right bank is a mixture of tall herb with occasional trees such as alder, ash, sycamore and hawthorn.

Site 4- Tean/Dove Confluence

This is a fairly straight fast flowing section of the River Tean which flows into the River Dove. The banks have been modified and dry stone faced. The left bank is improved grassland with Perennial ryegrass (Lolium perenne), Tall oat grass (Arrhenatherum elatius) and cocksfoot (Dactylis glomerata) with occasional Himalayan balsam (Impatiens glandulifera) and common rush (Juncus effusus). The right bank is lined with crack willow (Salix fragilis), hawthorn and elder (Sambucus nigra) with occasional alder and patches of tall herb.

Site 5- Rocester
The River Churnet flows south through improved and semi-improved grassland, with little woodland cover. However, a number of mature and dead trees have been retained along the river bank; the roots of some are greatly exposed, providing good opportunities for natural holt creation. The river is noted to be used for fishing. Typically tall ruderal flora, main species being nettle, Himalayan balsam, cocksfoot etc., dominate both banks. Bank angles are generally in the range of 30-90o although there is one area of bank erosion on the west side of about 20 m in length. The bank is irregular in places on the west side with a former eroded face set back from the main bank in a stepped profile.

Site 6- Alton
The River Churnet flows east under Alton Bridge, past unimproved neutral and amenity grassland. There is a sewage works with an outfall into the river in the east of this site. Bank angles are between 30o and 90o. Tall ruderal vegetation with nettle, hogweed (Heracleum sphondylium), red campion (Silene dioica), mugwort (Artemisia vulgaris) and Himalayan balsam dominate. Bank side trees of largely alder and sycamore are closely spaced and provide suitable habitat for otter holts in places. 

Site 7- Oakamoor
The Churnet flows east past mixed forestry commission plantation and acidic grassland on the south side. The north bank has tall ruderal vegetation with nettle, hogweed, cow parsley (Anthriscus sylvestris), red campion etc. Flowing east then turning to the south after the weir at Oakamoor, a great mix of adjoining habitat types occurs including woodland and semi-improved neutral grassland and amenity grassland to the south of the weir. The river widens in the north part, reaching 40 m at the weir. It narrows to a width of 7-10 m south of the weir.

3.2.8. Control sites
The location of the control area, the River Blithe, was chosen since it satisfied two requirements (1) its proximity to the colonised area equated to minimal habitat and historical differences, and (2) mink, but no otters were present.

Control site 1- Callow Hill

The River Blithe flows southeast towards the Blithefield reservoir, a site of Special Scientific Interest, (S.S.S.I), some 2 miles away. This section of the river is relatively straight, with both banks dominated by closely grazed grass with patchy sparse tall herb. The River here has some riffles, runs and deeper, slower sections which flow under a road. 
Control site 2- Woodcock Heath

This is a shallow, slightly winding section of river, with high steep banks. It is bordered on its right side by a steep wooded bank and on the left side by a flatter area of variable width which merges into the embankment of a disused railway. The trees on the right include alder, willow, ash, hawthorn and sycamore.  

Control site 3- Gratwich

This is a long meandering section that runs generally in a southerly direction. This is a very dynamic section of river with extensive runs, bank-side erosion, vertical banks, gravel banks and islands. Tree cover in this section is less than in the previous section and there are several open areas in which there is little or no mature tree cover. However willow and alder saplings are a common component of the tall herb along both banks and there are very few “treeless” banks that do not have these young saplings. 

Control site 4- Lower Leigh

A narrow (mainly 4-5 m wide), slightly winding stretch of fast flowing river, flowing through pasture and into the village of Lower Leigh. The channel is largely open for most of the stretch and is flanked by semi-improved grassland. On the left bank, there is mainly tall grasses and herb, with patches of alders. The vegetation is not very dense, probably due to the stony nature of the banks. Near the bottom of the section, the bank is lined with pollarded willows. 

Control site 5- Blithe Bridge

Near the source of the River Blithe, the river passes through the small village of Blythe Bridge. The village is situated in the Staffordshire Moorlands, although it is effectively a south-eastern suburb of the city of Stoke-on-Trent. The river here is very straight along the entire section and is flanked by houses and recreational parkland. The left and right banks have a mixture of principally tall herb with occasional trees such as sycamore (Acer pseudoplatanus) and alder (Alnus glutinosa). 

Control site 6- Western Coyney

The River Blithe forms the eastern boundary of Western Coyney and of the city of Stoke-on-Trent. It flows almost entirely through a residential area, with unspectacular amenity grassland.  It is notable that Himalayan balsam is a common component of the bank-side flora. The river is shallow with reinforced banks on both sides for most of this section.

Control site 7- Salthouse Farm
Less urbanised than the previous section, although still a fairly shallow section of river with very little channel vegetation. The river is flanked by semi-improved grassland and is fairly open. There are occasional patches of alders. 

3.3. Method

A total of seven sites were specifically selected, based on previous survey work by the Staffordshire Wildlife Trust in 1997, 1999 and 2000 (Mott, 1997, Mott pers. Comm.) and surveyed in an area encompassing the River Tean from Cheadle (SK002423) to the confluence with the River Dove (SK106344), the River Dove from to the confluence with the Churnet, and the Churnet from this point to SK 030458. This area will from now on be referred to as “colonised.” An additional seven sites, on the River Blithe, which had not, in any of the national surveys or additional surveys, revealed otter signs were designated the “control” area (Figure 3.2).  The control site extended from SK 057242 near the Blithfield reservoir to Roughcote at SJ942442. The colonised and control areas were approximately 30 km and 21 km respectively. The fourteen sites were at least 3 km apart since the size of a female mink home range has been recorded at approximately 2.8 km (Yamaguchi, 2000). This was to increase the likelihood that each site would host a different individual mink and therefore ensure a degree of data independence. 

As a precursor to the field work, all the sites to be visited were marked onto a series of maps to facilitate the logistics and practicalities of surveying. The survey protocol was, at each site, to search a full 600m survey length on both sides of the bank and at least a 600m border either side of the river. Ordnance survey maps for each site were produced from Staffordshire Ecological Record and filled in by hand in the field to mark where footprints, spraints and scats were located. Scats and spraints were identified as belonging to mink and otter on the basis of size, shape and smell (Dunstone, 1993, Woodroffe, 1994).  Despite the fact that the details of footprints and spraint/scats were recorded, only scats and spraints were used in the analysis. This is because; it was felt that if spraints/scats were left it was an indication that the animals were resident rather than transient. In addition, track presence is very much dependent on the substrate.

Survey work was conducted between 2002 and 2005 in winter (Jan-Mar) and spring (April-May). These times of year were selected as they were the easiest time for surveying, because after May, bank side vegetation can become too dense and result in difficulties in locating field signs. Surveys were conducted roughly the same time of year, within a window of a week, to ensure accurate comparisons between survey periods. Surveys were not undertaken during times of flooding or high water as field signs were likely to have been washed away. At these times, survey work reconvened at least a couple of days after the water levels had dropped so that mammals could remark their territories. Each site took approximately 90 minutes to 2 hours to survey and 2 sites were surveyed per day. 

DNA profiling was only carried out in 2005, since the low number of spraints in the first 3 years of the study did not warrant the efforts associated with DNA profiling. DNA profiling of mink scats was not conducted in the same year since only 16 scats were found, and again, the time and expense of utilising DNA technology could not be justified.  Otters are nocturnal and therefore it was decided to collect spraints in the morning when they were more likely to be fresh. Spraints were individually stored in plastic pots to avoid cross contamination, and details of time, date and location were written on these.  In the laboratory anal jellies were separated from the rest of the spraint and were used in DNA profiling.  

Five primers and the sex primer were used in this study. These were found to be suitable for spraints (Coxon et al., 1999). The anal jelly, which is excreted by the anal scent glands of otters, was used, wherever possible, for DNA profiling since the results of previous studies (Coxon et al., 1999 and Rijswijk, 2001) found that anal jellies produce good results. Coxon et al., (1999), suggests that this could be because the mucus protects the cells and DNA inside from degradation. Other hypotheses suggested are that the jelly contains more cells and therefore more DNA, and that jelly contains fewer prey items, and it could be these remains that cause inhibition of the PCR reaction (Rijswijk, 2001).

200 mg of each spraint was taken and put in 180 l ATL buffer provided with the Qiagen DNeasy extraction kit® (www.Qiagen.com). Every effort was made to ensure that the 

200 mg was largely anal jelly. Remains of otters’ prey were removed from the spraint for analysis of otter diet (see Chapter 4), since no otter DNA is present in there. Microfuge (eppendorf) tubes with buffer and spraint were stored in a fridge (40C). Originally it was hoped that a sample of the spraint would be placed in the ATL buffer immediately after collection, but unfortunately ATL buffer is not suitable for work in the field because this buffer precipitates at low temperatures (even at room temperature). (Note- The ATL buffer contains a detergent that causes the cell and nuclear membranes of cells to break open, releasing the DNA and other cellular material so that other cell components which can potentially inhibit the reaction will be washed away in further extraction steps.). Back in the laboratory the buffer was dissolved by putting the tube with buffer in warm water (approximately 40oC), and allowing it to cool down slightly before adding spraint material to it. DNA was extracted from the spraint using the methodology outlined in the Qiagen DNeasy extraction kit® (Appendix 1).

3.3.1. DNA controls

Positive controls were sent from Aberdeen University in Microfuge tubes. The DNA was sent as lyophilised pellets i.e. dried by freezing in a high vacuum, and was re-suspended by adding 100 µl of water to the tubes, resulting in DNA at a concentration of approximately 20 ng per µl. The samples were quite old (from studies dating back almost 15 years) and had been kept frozen at -20 0C, so all had to be tested to ascertain the viability of these samples as controls. The samples originated from various UK and Northern Ireland locations.

3.3.2. Microsatellite analysis 

Five microsatellite primers in addition to lut SRY (sex determining primer), were used. (Table 3.1).

Table 3.1. The primers used for DNA profiling of otter spraints.
	Name
	Repeats
	Primers (5’ to 3’)

	Lut 701
	(GATA)11GAA(GATA)2GAA(GATA)4
	fGGAAACTGTTAAAGGAGCTCACC

rCAGTGTTCATAAGGATGCTCCAC

	Lut 715
	(GATA)6GAT(GATA)7GAT(GATA)5
	fTTCACAATAGCCAAGATATGGAC

rTGGCATAATATCCTTTCTCATGG

	Lut 717
	(GATA)12
	fTGTTGCCTTCAGAGTCCTGTG

rGTCAGGCATTGTAACATATTCTCAG

	Lut 832
	(GATA)11
	fTGATACTTTCTACCCAGGTGTC

rTCCTTAGCATTATCTTATTTACCAC

	Lut 833
	(GATA)15
	fCAAATATCCTTTGGACAGTCAG

rGAAGTTATCTAATTTGGCAGTTGG

	Lut SRY
	Unknown
	fGAATCCCCAAATGCAAAACTC

rGGCTTCTGTAAGCATTTTCCAC


3.3.3. PCR (Polymerase Chain Reaction)

PCR amplifies specific regions of DNA.  Briefly, primers (short sequences of DNA) that are complementary to the beginning and end of a particular gene of interest (or part of one) are mixed with the extracted DNA, along with a DNA polymerase enzyme, usually Taq Polymerase, and other chemicals (including MgCl2, a salt and pH buffer and deoxynucleotide triphosphates) that are optimal for the reaction. The primers were designed so that there is a forward primer that matches the 5' end of one of the complementary strands of the DNA, and a reverse primer that matches the 5' end of the opposite DNA strand.  PCR is based on cycles of incubation at three temperatures which is controlled by a thermal cycler. The stages of a PCR cycle are as follows: first the temperature is raised to 92 oC at which point the relatively weaker hydrogen bonds holding the strands of the DNA double helix break apart producing single stranded DNA which forms the template for the next stage. This step is called the denaturing step. Then the temperature is cooled to somewhere between 50 o and 62 oC (depending on the primer sequence), which allows the primers to bind to their complementary sequences on each DNA strand (called the annealing step).  Next, the temperature is raised to 72 oC, the optimal temperature for the Taq Polymerase enzyme to work at. The DNA polymerase adds new nucleotides to the primer according to the base-pair rules and in a minute or so; the enzyme has completed the complementary strand using the initial strand as a template (called the extension step). This cycle is repeated about 30 to 40 times (depending on the primers used), with each cycle producing a doubling of the region of DNA between the two primers (VanGuilder et al., 2008). 15 microsatellite loci and one male-specific Lutra lutra gene are known (Dallas and Piertney, 1998). Only 5 of the microsatellite primers and the sex primer have been found to be suitable for DNA typing of otter spraints 

(Coxon et al., 1999). 

The PCR ingredients for one sample (this is the same for each primer) are listed in Table 3.2.

Table 3.2- The optimal mixture of PCR ingredients for the six primers

	Constituent
	Volume (μl)

	Water (PCR)
	29.9

	Promega 10 x buffer (provided with the Taq Polymerase)
	5

	MgCl2 (50 mM)
	4.3

	dNTP cocktail (10 mM)
	4

	Primer (10 μM) F
	0.7

	Primer (10 μM) R
	0.7

	Promega Taq DNA Polymerase in Storage Buffer B (5 u/µ)
	0.5

	Template DNA
	5

	Total
	50.10


Preparation for PCR can be found in Appendix 2.

Table 3.3- Optimal annealing temperatures for the 6 primers are as follows

(Rijswijk, 2001):

	Primer
	Lut 701
	Lut 715
	Lut 717
	Lut 832
	Lut 833
	Lut SRY

	Annealing T (oC)
	59.9
	58.0
	61.4
	60.0
	59.9
	56.0


The thermal cycler was programmed with the following general profile. It is essentially the same for all the primers, only the annealing temperatures, as listed above, differed. For example, the program for Lut 701 is:

92.0 oC for 2 minutes

90.0 oC for 30 seconds

59.9 oC for 30 seconds

72.0 oC for 1 minute

Go to step 2, 38 times

4 oC until program is ended

3.3.4. Visualising the Product- 2% agarose gel electrophoresis

 

Due to the costs involved, the separation of DNA fragments was initially achieved using the comparatively inexpensive 2% agarose gel electrophoresis to establish if DNA was present in samples (Appendix 3). If DNA was present in the sample it warranted further analysis using an ABI Prism 310 Genetic Analyser, which, due to the narrow size ranges of the size of the products obtained for the different primers i.e. 161-206 base pair (bp) 

(Rijswijk, 2001), provided comparatively heightened sensitivity (Table 3.4). The ABI Prism 310 Genetic Analyser uses a laser detection system requiring primers to carry a fluorescent dye label. All primers with tags were produced by MWG-Biotech UK.  Samples which contained DNA were amplified using the same method described in Section 3.3.3. and annealing temperatures in Table 3.3., but with the dye modified primers in preparation for analysis on the ABI Prism 3.10 Genetic Analyser. The SRY primer did not require tagging since, unlike the other primers which produced PCR products with a mere 45 bp range, the result of the SRY primer is either a product present, for a male, or absent for a female.  Therefore it was only analysed on a gel.

3.3.5. Concentrating the DNA 

After amplification and gel electrophoresis, it was found that of the 23 samples collected, samples 1-16, 18, 22 and 23 consistently did not produce any DNA for all 5 primers. In addition, sample 19, only produced a very faint band with Lut 832. To conclude, with confidence, that these samples did not contain DNA, ethanol precipitation was used to concentrate the DNA (Zeugin and Harley, 1985). Ethanol precipitation is frequently used for concentration of DNA solutions and for removal of protein, salt, and unincorporated nucleotides. The precipitate of DNA is recovered by centrifugation and re-dissolved in an appropriate buffer. The technique is rapid and is quantitative even with small amounts (nanogram) of DNA. An extra purification takes extra time, but this time can be won back later in the analysis when fewer PCR reactions have to be carried out and fewer gels have to be run to obtain the same (or better) results (Appendix 4).

3.3.6. Preparation of samples to be run on the ABI Prism 310 Genetic Analyser.

Samples which yielded DNA were used on the ABI prism 310 Genetic Analyser. 

To prepare samples, the forward primers that had originally been used in all the experiments to date were replaced with fluorescently tagged forward primers which could be detected using the Genetic Analyser. The DNA sequence for each primer was exactly the same but with a dye modification attached at the 5’end. For forward primers Lut 701, Lut 715, Lut 717 and Lut 832, the fluorescent tag “FAM” was attached, while the fluorescent tag “JOE” was attached to Lut 833. After completion of PCR the following protocol was undertaken:

Prepare a master mix of the ROX size standard and HIDI formamide (Note: this is used to resuspend samples before electrokinetic injection in capillary electrophoresis systems) for all the samples (including controls) 

                                    µl

         ROX……………0.5

         HIDI……………24.5

25 µl of the ROX/HIDI mix and 2 µl of the PCR reaction was aliquoted into a 310 tube, septum secured, and briefly microfuged to pool the contents

The contents were placed in a heat block at 95 oC for 2 minutes and then on ice for 3 minutes

Samples were kept on ice until ready to load onto the sequencer or placed at 4 oC until they are loaded onto the 310 Genetic analyser

The ABI Prism 310 Genetic Analyser was prepared for sequence analysis which included removing, cleaning and filling the pump block with polymer POP-4 (ABI Applied Biosystems). The sequencing reaction sample tubes were placed in a tray in the instrument’s autosampler. In succession, the autosampler brought each of the samples into contact with the cathode electrode and one end of a glass capillary filled with polymer. A portion of the sample entered the capillary as the current flowed from the cathode to the anode which was immersed in buffer. The end of the capillary near the cathode was then placed in buffer. Current was again applied to continue electrophoresis. The laser excited the fluorescent tags when the nucleotides reached a detector window. Emitted fluorescence from the dyes was collected by a camera. Raw data was analysed using Gene Scan ® Analysis Software. 

Table 3.4- Details of size ranges of the alleles found in otter according to 

Rijswijk (2001) are:

	Primer
	Size of otter alleles (bp)

	Lut 701
	192-208

	Lut 715
	197-217

	Lut 717
	175-207

	Lut 832
	185-205

	Lut 833
	161-193


3.3.7. Sex-determining primer 

The results obtained with the SRY primer must be interpreted with caution. If a band of approximately 70 bp can be seen on the gel, the spraint was produced by a male. If no band is visible on the gel, the spraint originated from a female OR the PCR reaction did not work. Therefore the SRY locus was only scored when, of the 5 other loci, a minimum of 4 loci were scored (Rijswijk, 2001).
3.3.8. Hypothesis 1 – mink would decline in the colonised area; while there would be no decline in the control area.

To test this hypothesis, the relative densities of otter and mink in the colonised and control areas were inferred by comparing the abundance of spraints and scats over the 4 year study period. Genetic analysis of otter spraints in the final year served to provide a completer picture of otter abundance in the survey area. Surveys were conducted in Jan-June 02, 

Jan-June 03, Jan-June 04, Jan-June 05.  A Wilcoxon paired test was applied to verify the significance between changes in mink abundance between 02/03 and 04/05 between the colonised and control areas. 

3.3.9. Hypothesis 2- Otters would replace mink more than mink replace otters.

To test this hypothesis, changes in occupancy status of each site based on a sign survey were observed. Sites existed in one of four states: (i) only mink present (M), (ii) only otter present (O), (iii) both mink and otter present (B) and (iv) neither mink nor otter present (N).  The transition among these states was examined at each site by colour coding states and presenting the information in map format for the results of the first and final year of the study, since it was felt that any changes would be more significant and clearer to present. To investigate how many times signs of otter were found and no signs of mink at a site, how many times sites would go from M and B to O was added up, and to investigate how many times signs of mink were found and no signs of otter, counts of how many times sites would go from O to M and from B to M were made. These counts were then divided by the total number of sites with the species that was going to be replaced in the first year and then multiplied by 100 to give a percentage. 

3.4. Results

3.4.1. Sign survey

Hypothesis 1: mink abundance would decline in the colonised area, while there would be no decline in the control area.

Table 3.5. Comparison between 2002/03 and 04/05 of the total number of mink scats and otter spraints in the colonised and control areas.

	Control/Colonised
	Survey Years
	Otter spraints
	Mink Scats

	Colonised
	2002-2003
	19
	152

	Colonised
	2004-2005
	55
	65 

	Control 
	2002-2003
	0
	40

	Control
	2004-2005
	0
	40


Table 3.5. illustrates that the number of mink scats in the colonised area has decreased by 57% between 2002-03 and 2004-04, while the number of otter spraints has increased by 190%. Results of DNA profiling (Table 3.6) using 23 spraints collected in 2005, show there to be 4 individual otters with a potential 5th. 
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The prevalence of mink scats changed between 2002/03 and 2004/05 in an area populated by European otter (Figure 3.3). A Wilcoxon paired test showed this change to be significant (Z=-2.023, P=0.043). This pattern was not mirrored in the control area where no change in actual scat number occurred (Z=0.00, P=1.00) (Fig. 3.4).

Hypothesis 2: Otters replace mink more than mink replace otter.

In the colonised area, otters replaced mink in 43% of sites, with mink never replacing otter; while in the control area, where otter were never present, (Fig. 3.5.) mink presence remained unchanged in 5/6 previously occupied sites, the remaining site went from mink to neither state.

Figure 3.5. Occupancy status of mink between 2002-03 and 2004-05.
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3.4.2. DNA profiling

In 2005, 23 spraints were collected for DNA profiling. 2% agrose gels were run for all primers with consistently no DNA present for samples 1-16, 18 and 23.  Lut 832 was the only primer to produce a band on lane 19. 

Fig 3.6. Electrophoresis of 2 x 2% agarose gel for primer Lut 832.
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Two 15 well 2% agarose gels were run for Lut 832 primer. Lanes 1 to 23 had 15 μl of DNA extractions from individual spraints using primer Lut 832. 6 μl of 100 base pair DNA marker (molecular size standard) was loaded on the 1st and last lane of each gel, labelled M.  A positive (+) and negative (-) sample were also included on gel 2. 

No DNA was found to be present on gel 1 (samples 1-13). Molecular size standards appear clear showing that the gel has run correctly. On many of the lanes, small fluorescent bands of excess primer appear. On gel 2 (samples 14-23, +, -) there are 5 fluorescent bands located in lanes 17, 19, 20, 21 and the positive. These 5 fragment lengths appear just below 200 base pairs mark as expected for Lut 832 (Table 3.4).  Lut 832 was the only primer to produce a band on lane 19. 

Amplification and gel electrophoresis for all the primers was carried out twice but this result was not consistent for both experiments. The band is extremely faint compared to the other 4 bands suggesting that the PCR product is low. It was decided to concentrate the DNA using ethanol precipitation and run the sample again on a gel to see if the intensity improved (Fig. 3.7).

Fig 3.7. Electrophoresis of a 2% agarose gel for samples 1-15 following ethanol precipitation.
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Lanes 1 through to 15:  have 15 μl of DNA extractions from individual spraints using primer Lut 832. 6 μl of 100 base pair DNA marker (molecular size standard) was loaded on the 1st and last lane of each gel, labelled M. A positive control (+) was also included. They both indicated that the gel ran correctly, while the positive sample showed that the PCR conditions were ideal for this primer. The result was one fluorescent band located in lane 9. These two fragment lengths appear in the region below the 200 base pair marker; this is consistent with the PCR product obtained for this primer (Table 3.4). However, the band in lane 9 is very faint compared with the positive marker suggesting that the PCR produced a small amount of product. 

Fig 3.8. Electrophoresis of a 2% agarose gel for samples 16-23 following ethanol precipitation.
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15 μl of DNA extractions of samples 16, 18, 19, 22 and 23 using primer Lut 832 are included in that order on the gel. A positive control was also included. At either end of the gel, 6 μl of 100 base pair DNA marker (molecular size standard) was loaded. The positive control yielded a band, in addition to sample 19 which had previously yielded a result for Lut 832. The product however was much brighter, suggesting the ethanol precipitation had adequately concentrated the product. Molecular size standards appear clear showing that the gel has run correctly. On all of the lanes small fluorescent bands of excess primer appear.

An Example of Gene Scan analysis is provided in Fig. 3.9. 

Fig. 3.9. Electropherogram results from ABI Prism 3.10 Genetic Analysis for sample 9 Lut 717.
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Peaks 193 and 197 (rounded up) are the peaks of interest as they fall in the expected region of base pairs length for this particular locus (175-207 according to Rijswijk (2001)). This sample shows an individual who is heterozygous for this locus. 

Table 3.6.  Allele size (bp) for 5 samples at 5 loci.  (X) Represents a negative result.
	Locus
	Lut 701
	715
	717
	832
	833

	Spraint
	
	
	
	
	

	9
	203
	206/210
	193/197
	188/192
	152

	17
	191/198
	202
	189
	188/196
	151

	19
	202/206
	202
	200
	184
	152

	20
	203
	201
	X
	192
	151

	21
	X
	X
	X
	188
	152


Out of the minimum number of four otters found, two were female and two were male (Table 3.6). Only when 4/5 loci were scored was the SRY scored, therefore despite a 70 bp band being visible on the gel for spraint 21, it was decided to present this result with caution due to the incomplete profile gained. Genetic profiles of 4 otters, with a 5th potential, although the profile was incomplete, with results from only 2 of the 5 primers used. In 2005, sites 3, 5, 6 and 7 were used by otter. Table 3.7. shows sites where spraints were located. 

Table 3.7.   Relates the spraints which were successfully typed with geographical location of experimental sites.

	Spraint Number (as classified in Chapter 2)
	Site Located

	9
	3

	17
	5

	19
	5

	20
	6

	21 (Incomplete genetic profile)
	7


Table 3.7. suggests that, during the study, each site was likely to have held a different individual otter, with site 5, potentially having 2 individuals present. The results for location 7 are inconclusive, since as the spraint typed here had an incomplete genetic profile. 

3.5. Discussion

In this study, an examination of the interaction between otter and mink at a local scale was made as an initial step in the study of competition between these two species. The following patterns were found:-

Mink presence decreased at higher otter densities.

Otter replaced mink at some sites 

Mink never replaced otter 

These patterns are consistent with the action of interspecific competition in which one or both species has a negative effect on the other (Wiens 1989). These observations support the prediction that otters are the dominant competitor in this relationship. The suggested mechanism through which mink decline has primarily occurred is interference competition. The reasoning behind this is the great disparity in size of these carnivores suggests that they are likely to compete directly (Macdonald et al., 2001). Otters are about seven times heavier than mink; therefore they are expected to win in aggressive encounters 

(Novikov 1956, Grigor’ev and Ergorov 1969 and Bonesi et al., 2000).

Interspecific aggression and killing are likely to influence mink distribution, as they do in other species that distribute themselves not only according to food availability, but also perceived predation risk (e.g. Pulliainen 1981, Ferguson et al., 1988, Suhonen, 1993). However, interspecific aggression doesn’t necessarily equate to fatality. Another explanation for the results is that mink have been displaced rather than experience a reduction in their overall density; as was temporarily the case with the American mink and European mink (Mustela lutreola) where aggressive encounters initiated by the American mink resulted in the European mink leaving the river area and shelter for up to 22 hours in habitat unusual for this species (Macdonald et al., 2002).  

3.5.1. DNA Profiling

In the sampling area, 23 fresh spraints were collected and 17% were successfully typed revealing at least 4 individuals. This is slightly lower than the overall success percentage in the Czech (Rijswijk, 2001) and UK studies (Coxon et al., 1999) with percentages of 34% and 20% achieved respectively. A plausible reason for this is that when spraints are in short supply it is more likely that spraints, of which there are doubts about the freshness, are taken. It is assumed that the way of preserving the spraints did not have consequences for the quality of the DNA that was isolated despite problems with the ATL buffer forming a precipitate, since the same method was adopted in the Czech study (Rijswijk, 2001). 

The profile for sample 21 was incomplete (3 loci missing), possibly due to the low concentration of DNA present in the sample.  In this study there appeared to be limited variability in one of the two loci that yielded a result (Lut 833). Sample 21 shared the same product with sample 9 and 19.  In the remaining locus (lut 832), sample 21 was homozygous producing a peak of 188 base pairs. Sample 9 also produced a peak at 188 as well as a second peak at 192. It can be argued that sample 9 being heterozygous and sample 21 being homozygous at this locus are from different individuals, but allelic dropout can sometimes occur during PCR, this means that in a heterozygous individual, only one allele is amplified, producing one band on a gel. This is often more acute when the DNA concentration is low (Rijswijk, 2001). However, to add weight to the argument of sample 9 and 21 being from different individuals, the SRY produced a band at 70 bp for sample 21, but not for sample 9. The results for sample 21 are therefore inconclusive. 
As mentioned previously, the allele size (bp) at lut 833 showed little variability. This is in contrast to Rijswijk’s (2001) study, which was able to successfully distinguish between individuals based on this primer and a second primer alone. This is not unusual since the studies were conducted in different countries so variation is to be expected. In addition, the sizes were at least 10 bp smaller that the recommended ranges suggested in 

Rijswijk (2001). Regarding the allele size limits, Hung et al., (2004) found a range of 147-163 base pairs for this locus at a study conducted in China. 

3.5.2. Home ranges

No otter was found more than once, therefore it is impossible to make assumptions about home ranges of individuals. The population should be monitored more intensively to repeatedly find individuals in their home ranges, or to determine which otters are non-resident and are just passing through the area looking for a free range.

3.5.3. Sex ratio

Two males and two females were successfully identified, with the results suggesting the possibility of a third male. The SRY primer as it was used in this study is not reliable. If no band is seen on the gel this can mean that the sample came from a female or that the PCR did not work. Despite only scoring the SRY when, of the five other loci, four loci were scored, it is recommended that a further primer, developed by Dallas et al., (2000) is used. Unfortunately, the controls supplied from Aberdeen were from female so could not help in this instance. This primer can be used in a PCR reaction together with the SRY primer. In that case, a male gives two bands and a female only one. By including this primer as a positive control it can always be verified if the PCR reaction worked. Of course, the possibility of allelic dropout must always be taken into account. Only after repeated analysis can the absence of the SRY band be taken to conclude that the sample is from a female. 

3.5.4. Relatedness

Since very few samples yielded DNA, and allelic frequencies have not been determined, any suggestions of relatedness would have been purely speculative and therefore relatedness was not determined. 

3.5.6. Limitations to the otter spraint sampling

There are limitations to the sampling of otter spraints (Taberlet et al., 1999), because the DNA found is often of poor quality and in low amounts, since the DNA is prone to rapid degradation (Rijswijk, 2001) This makes it particularly difficult to amplify long sequences of DNA. There is the possibility of contamination with DNA from other sources, e.g. animals consumed such as fish and mammals. In an attempt to overcome these limitations, it is essential to ensure that the spraint comes from only one individual and that clean materials during collection are used to avoid contamination. Furthermore, short DNA markers should be amplified since they offer a higher success rate with degraded DNA. 

A possible genotyping error is artefact bands/slippage bands, this occurs when DNA repeats slip out of register during the DNA process. They are spurious PCR products that are usually a repeat length smaller than the main bands. When this occurs a homozygous individual can be scored as being heterozygous. The error is usually detectable in a heterozygous individual when three bands occur. In this study the microsatellite primers were tetranucleotides. Using these reduced the risk of obtaining false alleles due to the presence of fewer sites for misalignment per unit length of DNA (Katti et al., 2001).

3.6. Conclusions and Closing Remarks

This study demonstrates that non-invasive molecular methods can be used to determine the abundance and sex of wild otters. However, the costs of the non-invasive molecular techniques are substantial (e.g. purchasing of kits, Taq and primers) and need to be evaluated in comparison with alternative methodology. Unfortunately, because of costs and low spraint counts, DNA profiling was only undertaken in 2005. In retrospect, it would have been more beneficial if a comparison could have been made over-time of changes in otter numbers to complete the results of the sign surveys conducted.

The study area that was selected was comparatively small, due to limited resources. Had this not been the case, a larger area and greater distances between sites would have been surveyed since male otters have larger ranges of 6 km plus 

(Harrington and Macdonald, 2008). Therefore results are delivered speculatively, since assumptions are made based on independence of sites. However, it is extremely difficult, unless utilising DNA profiling technology to ensure total independence since female ranges are overlapped by the larger range of a male (Powell 1979) and there may be some degree of intra-sexual overlap between, neighbours at range borders  

(Yamaguchi & Macdonald, 2003). 

The results of this study suggest that local patterns of mink replacement are consistent with the predictions from the operation of interspecific interference competition; however, in the next chapter exploitation competition will be explored since otter, being physically better adapted to hunting in water, are likely to be superior at exploiting the aquatic food sources than mink (Dunstone, 1979; Erlinge 1968), and are more likely to hold an advantage when food supply is limiting. 
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Chapter 4

Is there competition for food between the specialist otter and the generalist mink?
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4.1. Abstract

This chapter served to evaluate the effects of increased otter density on mink resource use. Otters and mink overlap in their diets; however otters are constrained by their dietary specialism, while mink are able to exploit both aquatic and terrestrial prey. The diets of both species were compared at two points in time, when the relative densities of these two species were different. Observing the comparatively catholic diet of mink, and the fact that otters are larger and better at hunting aquatic prey, led to the hypothesis that at higher otter densities, the diet of mink would change to include a greater proportion of terrestrial prey. Mink diet was analysed in spring and winter with the data supporting this hypothesis in winter, possibly with mink avoiding hunting grounds of otters at a time of the year when resources for the species are particularly restricted. However, the hypothesis was not supported by observations made in spring.

The chapter also explored whether niche breadth and overlap between otters and mink changed at different otter densities and different seasons. Niche breadth in mink increased in winter, while niche overlap between these species declined as the density of otters increased according to the prediction of habitat selection theory.

4.2. Introduction

By adopting the supposition that species compete for food, competition is discussed within the context of optimal foraging theory (Stephens and Krebs 1986). This theory postulates that, in the absence of competition, an individual will maximise its energy gain depending on the availability of local resources. When local resources are kept constant and a competitor is introduced, it should be expected that either or all of the species involved change their diet depending on the competitive pressure enforced. If competition is considerably asymmetrical, then dietary change is mainly confined to the subordinate competitor (Bonesi et al., 2004). 
4.2.1. Asymmetrical competition in otter and mink

There are obvious ecological and morphological differences between otters and mink. Of these differences, the most obvious is their size, with the otter weighing in at seven times heavier than a mink (Dunstone, 1993). In addition, otters are more adapted to an aquatic lifestyle than mink (Dunstone, 1993). Otters have a long, streamlined body, with short legs and webbed feet. Their tail/rudder is long and flattened with a wide base. The otter can use this powerful rudder for propulsion to achieve swimming speeds of up to 12 km/hr. There are two layers of hair in the thick coat: the dense under-fur traps a layer of air for insulation while the otter is in the water, while an overlaying layer of “guard” hairs provides waterproofing. When the otter dives, it can close its nostrils and ears

(National Rivers Authority, 1993). Mink in contrast are less efficient swimmers because the small surface area of their paws provides inadequate thrust, and the alternating use of paired limbs is not as effective as the synchronous thrusts of the otter (Dunstone, 1979).

Both otters and mink are opportunistic foragers, utilising plentiful and accessible food sources when they are available (Kruuk, 1995). However, dietary studies have revealed that differences occur in their feeding habits. Mink, for example, are termed “generalists” since they are more flexible in their diet, being able to exploit a range of both terrestrial and aquatic prey, while the otter is a fish specialist with more than 80% of its diet consisting of fish (Mcdonald, 2002). 
4.2.2. Diets of otter and mink

A number of studies have been conducted that compare the diets of otter and mink in areas where they are sympatric (e.g. Erlinge, 1972, Wise et al., 1981). Mink tend to predate on fish largely in the autumn and winter when fish are slower and easier to catch in the cold water. While in the summer months, when fish are harder to catch, mink switch to terrestrial prey such as rabbits, brown rats and water voles (Strachan and Jefferies, 1996).

The otter in contrast, remains a fish specialist throughout the year (Mcdonald, 2002). The dietary overlap of mink and otters has been observed to vary according to the type of habitat and season. When seasons were analysed singly, one study concluded that dietary overlap was at its highest in winter (Erlinge, 1972); while another study found that it was at its greatest in spring-summer than in autumn-winter (Jedrzeijewska et al., 2001). It is not possible to determine whether or not there is competition from niche overlap studies at different times of year because food shortages could explain changes in both directions. With lower food availability, species could hunt more intensely the few remaining species resulting in an increase in niche overlap, or they could look for different prey species, and niche overlap would therefore decrease (Bonesi et al., 2004).

Clode and Macdonald (1995) were able to test specifically for competition by comparing the diets of otters and mink in conditions of sympatry and allopatry in a coastal habitat. They hypothesised that when sympatric, the diets of otters and mink should diverge. This was the case, but divergence was less pronounced in an area where there was no alternative terrestrial prey, resulting in a relatively large niche overlap. In the present study, rather than comparing sympatric and allopatric populations of mink and otters at the same point in time, comparisons were made between populations at the same location but at various moments in time when the relative density of the species was different to determine the impact of increased otter density on the diet of mink.

4.2.3. Aim of the study 

The aim of the study was to test the effects of competition on niche shift in the European otter and the American mink. The hypothesis that: at higher otter densities the diet of mink will switch to largely terrestrial prey was tested. The rationale behind the asymmetrical competition in favour of the otter is because mink, to avoid otters, may spend more time hunting on land to avoid interference competition with the larger otter. Another explanation is that otters exploit all the aquatic resource forcing mink to hunt on land. 

A study of interspecific use of dens by otters and mink found that they share 5-19% of their dens and that the level of sharing increased in areas where dens were limited

(Green et al., 1986). These data suggest that dens could potentially be a limiting resource for which these species could compete. However, it was assumed that mink and otter competed mainly for food rather than for other resources such as dens because in my study area, there were ample potential den sites.

4.3. Method

4.3.1. Study area

A total of seven sites were specifically selected, based on previous survey work by the Staffordshire Wildlife Trust in 1997, 1999 and 2000 (Mott, 1997, Mott pers. Comm.) and surveyed (Chapter 3.3 for site details and methodology), in an area encompassing parts of the Rivers Tean and Churnet.
4.3.2. Prey composition and abundance

During the study period i.e. 2002-2005, electro-fishing was conducted on the River Churnet by the Environment Agency. No survey was conducted on the River Dove or Tean in the area and timescale of interest. Since only one survey was conducted during the study period, it was impossible to compare any changes in prey composition and abundance. However, since the study duration was only 4 years, I have assumed that any observations made in the diets of otter and mink are not the result of any changes in prey. In addition, there were no major pollution incidents at the time which could have affected prey (pers.corr Rowland Ely, Ecological Appraisal Officer Environment Agency). 

4.3.3. Mink and otter densities

The relative densities of otter and mink in the study area were inferred by comparing the abundance of spraints and scats over the 4 year study period. Surveys were conducted in Jan-Mar 02, April-June 02, Jan-Mar 03, Apr-June 03, Jan-Mar 04, April-June 04, Jan-Mar 05 and April-June 05, although results were grouped as winter (Jan-Mar) 2002 and 2003; spring (April-June) 2002 and 2003, compared with winter (Jan-Mar) 2004-2005 and spring (April-June) 2004 and 2005.

4.3.4. Diet

Otter spraints and mink scats were collected between 2002 and 2005. Otters are nocturnal 

(Woodroffe, 1994) and therefore it was decided to collect spraints in the morning when they are likely to be relatively fresh. In the laboratory anal jellies were separated from the rest of the spraint for DNA profiling in the final year of the study (Chapter 3).

The remainder of the spraint and all of the mink scat, was washed singly, passed through a sieve, dried and analysed under a microscope. Identification of prey remains was achieved through the use of relevant keys. Birds were identified to family level from characteristic downy barbules of the feathers using the key by Day (1966). Fish, crustaceans and amphibians were identified to family level using the key by Conroy et al., (1993). Mammals were identified from a combination of hair scale patterns, the hair’s medulla form and the medulla structure using Teerink’s (1991) protocol and key.
Diets are expressed as “relative frequency of occurrence” (Conroy et al., 1993). This is calculated by dividing the total number of occurrences of a particular prey item by the total number of items found. The relative frequency of occurrence tends to exaggerate items that are taken in small quantities frequently and underestimates remains that occur infrequently but in large amounts (Lockie, 1959). To overcome this, when comparing the aquatic and terrestrial components of the diet of otters and mink, the methodology used in 

Bonesi et al., (2004) was adopted which involved only including large prey items, namely birds, mammals fish and crustaceans which are likely to be actively hunted rather than encountered by chance. Amphibians were also excluded for comparative analysis because they are found at the interface between the aquatic and terrestrial habitats. Resource overlap was calculated using a modified version of MacAurthur and Levin’s formula of niche overlap.

Percentage Overlap: 

Pjk = [Σ(Pij.Pjk)] x 100

 where Pjk= % overlap between species j and k; Pij.Pjk = proportion resource i is of total resources used by species j and k and n= total number of resource states (Pianka, 1973).

Niche breadth was calculated using Hurlbert’s standardisation of Levin’s formula:

Bi = (1/n-1) x (1/ΣjP2ij-1)

where Bi is the Levins’ standardised index for predator i. Pij is proportion of diet of predator i that is made up of prey j and n is the number of food categories (Hurlbert 1978, Levins, 1968). Levins' standardised niche breadth ranges from 0 to 1; low values indicate diets dominated by few prey items (specialist predators) while higher values indicate generalist diets.

4.4. Results

4.4.1. Mink and otter densities

Mink were more abundant in 2002/03 than in 04/05, as illustrated in Table 4.1. The higher number of otter spraints found in the latter half of the study period suggests that otters were more abundant at this time. DNA profiling in 2005 estimated the number of otters present to be at least 4, with an incomplete profile for potentially a fifth individual (Chapter 3). 
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Fig. 4.1: Relative Frequency of occurrence (expressed as a percentage) of items of aquatic and terrestrial prey found in mink scats in 2002-03 and 2004-05. Two seasons are illustrated: winter and spring. n=sample size.
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Fig. 4.2: Relative Frequency of occurrence (expressed as a percentage) of items of aquatic and terrestrial prey found in otter spraints in 2002-03 and 2004-05. Two seasons are illustrated: winter and spring. n= sample size.
Table 4.1: Comparison between 2002/03 and 04/05 of the total number of mink scats and otter spraints.

	
	Otter Spraints
	Mink scats
	Ratio of spraints/scats

	2002-2003
	19
	152
	0.13

	2004-2005
	55
	65
	0.85


Fig. 4.2 illustrates that the diet of otter was consistent between 02/03 and 04/05, with no significant change in terrestrial and aquatic prey items taken in winter (Sign Test - terrestrial: N= 5, K = 2, P=0.500; aquatic: N = 6, K = 3, P=0.656) and in spring (terrestrial: N= 11,  K=6, P=0.726; aquatic: N= 7, K = 3, P=0.500).

4.4.2. Intraspecific comparison of diets between 2002-2003 and 2004-2005

Figure 4.1. suggests that mink consume a greater proportion of terrestrial prey, in winter, when otter density is higher. Sign tests were used to determine differences. The hypothesis, that at higher otter densities the diet of mink shifts towards a more terrestrial based diet, was supported in winter (N = 13, K=3, P =0.046,), but not in spring i.e. Apr-June, (N= 11, K = 6, P= 0.726).

4.4.3. Intraspecific Comparisons of diets between 02/03 and 04/5:  Kind of prey taken.

The occurrence of different prey items in the diet of otter and mink changed between the two time periods (Table 4.2). Mink consumed a greater proportion of mammals, particularly grey squirrels and Rattus species. Mink also took a greater variety of birds. An overall decline in fish species was observed, although there was an increase in the consumption of pike.  In contrast, an overall increase in fish species consumption was observed in otters, while fewer species of mammalian and bird prey were taken, however, mustelid fur was found in three otter spraints (Fig. 4.3). Both otter and mink decreased their overall consumption of small prey items such as insects.

Table 4.2: Changes in the relative frequency of occurrence of different prey items in the diets of otter and mink between 02/03 and 04/05 (Seasonal data combined for simplicity and all prey items, including small items included). A negative value indicates that consumption has decreased between 02/03 and 04/05, while a positive value is indicative of increased consumption between the two periods.
	Prey Item
	Mink
	Otter

	Insectivore
	-2
	-1

	Lagomorph
	-8
	0

	Bank/Field/water vole
	+2
	-1

	Wood mouse
	-1
	0

	Mustelid
	0
	+2

	Grey Squirrel
	+6
	-4

	Rattus
	+4
	0

	Total Mammals
	+17
	-4

	Anseriform
	+3
	0

	Passeriform
	+2
	-2

	Columbiform
	0
	0

	Galliform
	0
	+1

	Strigiform
	+2
	0

	Ralliformes
	0
	-2

	Unidentified
	+1
	0

	Total Birds
	+8
	-3

	Salmonidae
	-1
	+3

	Anguillidae
	+1
	0

	Minnow
	-7
	-1

	Pike
	+5
	+1

	Stickleback
	-1
	+6

	Perch
	0
	+5

	Unidentified
	1
	0

	Total Fish
	-2
	+14

	Amphibians
	0
	+1

	Crustaceans
	0
	+1

	Earthworms
	-2
	+1

	Molluscs
	-2
	-1

	Insects
	-13
	-2

	Unidentified
	-1
	-1

	Total Others
	-18
	-1


Fig. 4.3. Light microscope image of a mink hair found in an otter spraint found in the study area.
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4.4.4. Niche breadth and niche overlap

Niche breadth generally decreased in otters between 2002/03 and 2004/05

(Table 4.3). In mink, niche breadth tended to increase in winter but decreased in spring. Niche overlap between otter and mink decreased markedly from 2002/03 to 2004/05 (Table 4.3). When excluding small prey items, that were probably not relevant energetically, and re-calculating niche breadth and overlap, there were no major differences between these results and those with all items included. 

Table 4.3. Niche breadth and niche overlap between otters and mink in winter and in spring. In the bottom two rows niche breadth and overlap were recalculated excluding small prey items, namely worms, insects and molluscs.

	                                                                           Niche breadth                  Niche 

                                                                                                                     Overlap                                                  

	Season
	Year
	Mink
	Otter
	(%)

	Winter (all items)
	2002-2003

2004-2005
	0.57

0.61
	0.34

0.25
	57

21

	Spring (all items)
	2002-2003

2004-2005
	0.60

0.30
	0.41

0.09
	63

55

	Winter (small items excluded)
	2002-2003

2004-2005
	0.45

0.69
	0.20

0.07
	56

15

	Spring (Small items excluded)
	2002-2003

2004-2005
	0.50

0.43
	0.30

0.06
	62

55


4.5. Discussion

4.5.1. Changes in prey consumption

The consumption of different prey items in the diet of otters and mink changed between 2002/03 and 2004/05. Among mammalian species, mink increased their consumption of grey squirrels and Rattus species. This greater consumption of mammals cannot be attributed to a greater distribution of mink, since the inverse was observed to be true (Chapter 3, Figure 3.3.). In contrast, while the consumption of mammals increased in mink, it decreased in otters suggesting that changes in mammal abundance were not responsible, but rather that mink were forced to exploit this food source.

It is interesting to note that, despite an overall decrease in mammal consumption, identification of mustelid remains increased in otter faeces. Microscopy identified these remains to be those of mink (Fig. 4.3). A similar find was made during a study conducted in Bashkiyra in the Ural Mountains (Grigor’ev and Ergorov, 1969). This observation suggests one of two mechanisms through which mink and otter could be interacting: 

(1) Interference competition (Chapter 3) in which otter excludes mink from resources through aggressive and harassing behaviour or (2) intra-guild predation i.e. otters kill mink and could even eat them, although these mechanisms are not mutually exclusive. 

Studies have shown that interspecific aggression occurs with the Mustelidae, for example, aggression directed by polecats (Mustela putorius) and American mink towards the smaller European mink (Mustela lutreola) (Sidorovich et al., 1999, Macdonald et al., 2002). In addition, otters have been observed killing mink (Novikov, 1956, Smal, 1991), while kleptoparasitism has been witnessed with otter seen stealing a fish that a female mink had just caught (Bonesi et al., 2000). However the fact that in both this and Grigor’ev and Ergorov’s study, only mink hair remains were discovered, as opposed to skeletal remains, does not provide adequate evidence for intra-guild predation since such remains  may be the result of an aggressive interaction. Regarding bird species, a similar pattern to mammal consumption was found with an increase in consumption by mink and decrease in otter. As hypothesised, mink increased the proportion of terrestrial food items while decreasing intake of aquatic prey items (Table 4.2) at higher otter densities.

4.5.2. Niche breadth and overlap

Fig. 4.1 illustrates that, in winter, at higher otter densities, mink diet consisted of a higher proportion of terrestrial prey items, while remaining comparatively unchanged in spring irrespective of otter density. Very little change was observed in otter diet between 2002/03 and 2004/05 (Fig. 4.2). This is in contrast to the findings of other studies conducted that compared the diets of otters and mink in areas where they are sympatric (Erlinge, 1972; Wise et al., 1981).  The seasonal differences suggests that competition was likely to be having a stronger effect on prey selection by mink in winter, possibly resulting in avoidance of prime otter hunting ground when resources were limiting to avoid direct confrontation (Kruuk, 1995). Jedrzeijewska et al., (2001) and Bonesi (2002) studying otters and mink, in Poland and England respectively, also found a lower niche overlap in winter than in spring, while Erlinge (1972) studying otter and mink in Sweden found the contrary. Bonesi (2002) concluded that there must have been something at the Swedish study site preventing otters from actively defending resources as they had on the River Teign and in the Polish study.

The synchronous increase in niche breadth of mink in winter coupled with the decrease in niche overlap with the otter (Table 4.3), suggests that the changes in the diet of mink were possibly the result of both changes in prey abundance and competition. A similar observation was made by Clode and Macdonald (1995) in the Scottish Islands.

4.6. Conclusions

In this chapter mink were found to shift their diet as otter density increases, thus suggesting that mink may be affected by competition with the otter. Some studies suggest that, at higher otter densities, mink diet becomes biased toward terrestrial prey, while in the absence of otters; they tend to predate more upon aquatic prey

(Clode and Macdonald, 1995, Bonesi, 2002). These observations must to some degree have fitness costs for the mink; otherwise there would be a preference for terrestrial prey even in the absence of otters. Chapter 3 suggests that otters also seem to have an effect on the density of mink, with mink densities decreasing as the density of otter increases and mink tending to disappear from sites that are being colonised by the otter. One of the mechanisms through which mink decline in the presence of otters could be that otters behave aggressively toward mink. The next chapter explores interference competition by determining the response of mink to the spraints of otters.
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Olfactory response of American mink to European otter scent 
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5. 1. Abstract

Mink were introduced to the U.K. in the 1920s for commercial gain, and have since threatened the survival of some native species, notably, the water vole. The findings of a captive pen study coupled with field trials suggest that the development of a mink repellent based on the chemicals present in otter spraint, could help to exclude or reduce the impact of this invasive mammal from areas supporting threatened species. Both otters and mink are known to mark their territories, and since mink are expected to be the subordinate competitors, outsized 7-fold by the otter, it is hypothesised that they will avoid scent marks left by otter. The main hypothesis in this study was that mink would avoid the scent (spraints) of European otter by selecting tunnels (captive study) or rafts (field trial) not scented with otter spraint. The results for the pen and field studies showed a significant aversion by mink to otter spraint; although the data from the captive study suggested that habituation to otter scent may occur under some circumstances.

5.2. Introduction

Olfactory communication is defined as the method whereby: “a chemical signal is generated by a presumptive sender and transmitted to a presumptive receiver who by means of adequate receptors can identify, integrate and respond, either behaviourally or physiologically, to the signal.” (Eisenberg and Kleiman, 1972). 

Being usually solitary (the largest social unit is a female with her cubs); the European otter 
has a restricted vocal repertoire and poorly developed visual signals. Communication is 
achieved predominately through olfactory media which can be interpreted in the absence of
the sender (Woodroffe, 2001). Mammals use three materials for olfactory communication: urine, faeces or other odorous secretions (Gorman, 1984a, b; Hutchings and White, 2002; Macdonald, 1980) e.g., pine martens, (Martes martes), Pulliainen (1982); European badger, (Meles meles), Kruuk (1978); American mink, Sokolov et al., (1980); stoat (Mustela erminea), Erlinge et al., (1982) and ferret, (Mustela putorius), Crump (1980).

Otters possess specialised anal glands, in common with most other carnivores, described histochemically by Gorman et al., (1978). These glands flank the rectum, with ducts that open into a bare glandular area just exterior to the anus. In mustelids which do exhibit anal gland marking behaviour, such as the mink, the anal sac ducts open some distance from the anus (Brinck et al., 1978). Otters, like other mustelids, also possess proctodeal glands which open into the rectum just inside the anus (Stubbe, 1970). The secretions from these glands coat the faeces on extrusion (Brinck et al., 1978). 

Discrimination between eliminatory excretions and those used for conveying a message can be achieved using the criteria proposed by Kleiman (1966). Scent marks tend to be left in small, token amounts and are usually deposited at conspicuous sites, which are used repeatedly and may be accompanied by distinct, recognisable body movements

(Kleiman,1966). Otter faeces are traditionally left at conspicuous and used sites and they are generally of small size (Harris, 1968). Otters spend a lot of time sniffing both their own spraints and those of other otters whenever they are encountered (Kruuk, 1992) and invariably deposit their own contribution at exactly the same place (Trowbridge, 1983).  It is therefore plausible that spraints are used as scent marks. In fact, preliminary findings from ongoing postgraduate research on otter spraints, using solid phase micro-extraction coupled with gas chromatography-mass spectrometry, have distinguished over 40 different compounds that vary in presence and amount between individual otters (Kean, 2009).
Numerous hypotheses have been proposed for scent marking in mammals: signalling social and reproductive status (Branch, 1993), promoting synchronisation of reproductive cycles (Brennan and Keverne, 2004), labelling resources (Kruuk, 1992); attracting mates 

(Hurst and Rich, 1999), identification of species, subspecies group or individuals 

(Müller-Schwaize, 1974, Feoktistova, 1995, Rosell and Sun, 1999). Therefore scent marks may serve several functions; however, their use in territoriality is the focus here.

5.2.1. The concept of territoriality

A territory is an area defended by an individual or group of mutually tolerant animals to actively exclude competitors from a specific resource or resources (Maher and Lott, 1995). Territoriality may be expected to develop when the benefits gained from exclusive access to limited resources are greater than the costs to defend the resources (Stamps, 1994). The mink, like the otter, is a territorial species, with individuals defending their own areas and expending energy in guarding and advertising them (Davies and Houston, 1984). The use of scat deposition is thought to be one of the strategies adopted by this species in territorial defence (Robinson, 1987), the other being fighting (Long and Howard, 1987).

5.2.3. Interspecific Territoriality

Otters and mink have the potential for interspecific territorial competition since they fulfil two essential prerequisites as defined by Keddy (2001). The first is, as previously discussed (Chapter 4), the exploitation of a common limiting resource required by members of both species, such as food or space. Studies on the European otter and American mink have suggested some degree of dietary overlap ranging from 40% on a eutrophic lake and moorland river in South West England (Wise et al., 1981), to a range of between 50% in summer and 70% in winter in the more northern latitudes of Sweden (Erlinge, 1972). In addition, a study of interspecific use of dens by otters and mink found
that they share 5-19% of their dens and that in areas where dens were limited, the level of sharing increased (Green et al., 1986).  The dietary overlap and sharing of dens may provide ideal conditions for interspecific territoriality should either, or both of these resources be limited. 

The second prerequisite for the existence of interspecific competition is that non-consumptive exploitation of resources, usually the result of direct aggression, reduces the availability of the resource to the competing species (Wiens, 1989). It has been observed in a number of studies that otters behave aggressively towards mink and sometimes kill them (Grigor’ev and Ergorov, 1969, Bonesi et al., 2000). 

5.2.4. The function of scent marks in territoriality

Marking of a territory by the resident owner serves to deter intrusion and avoid escalated encounters with competitors (Gosling and Roberts, 2001). Chemical signals are particularly effective since they serve to delimit the territory and to deter intruders from entering the interior for prolonged visits in the absence of the signaller (Alberts, 1992). Scent marks could therefore be deployed to convey information on the availability and/or use of resources to conspecifics. The deployment of scent marks is constrained by the significant investment in terms of time taken to establish and replenish marks regardless of whether the animal uses faeces, urine or secretion from sebaceous or scent glands (Gorman, 1984a). Therefore owners may not be able to mark the whole territory, or even its entire periphery, and should deploy scent marks in an organised configuration that maximises the chance of being found by the intended intruder, using a limited amount of marks. For example, Kruuk (1992) found that coastal otters had no preference for sprainting in sections of coast at the borders of the territory, but more often sprainted at
landing points after a fishing bout. Otters usually frequent small patches of coast or river which they have learnt offer the best hunting areas (Kruuk et al., 1990). Sprainting before and during a feeding foray is mutually beneficial since it allows the signaller exclusive access to the patch, while advertising to others that to forage for prey in the same area would be energetically expensive (Kruuk et al., 1990).

5.2.5. Avoidance behaviour

The detection and avoidance of predators is important to prey because predation has severe and immediate consequences on fitness (Dicke and Grostal, 2001). Predation risk has been shown to modify animal behaviour in several ways based on genotypic responses and/or phenotypic flexibility of the individual’s feeding behaviour or habitat use 

(Lima and Dill 1990). Specific chemicals found in the urine, faeces, and anal scent glands of predator species are thought to function as kairomones (i.e. a chemical messenger or pheromone emitted by one species which has an effect on a member of another species (Lawrence, 2000)), for prey species that perceive the odours as “danger” signals and warn them that a predator is nearby. Several studies support the hypothesis that these chemicals elicit a “fear of predation” response in prey animals which, in turn, causes the animal to seek out less threatening habitat (Müller-Schwarze, 1972, 1983; Vernet-Maury, 1980; Vernet-Maury et al., 1984; Sullivan and Crump, 1984, 1986a, b; 

Melchiors and Leslie, 1985; Sullivan et al., 1988; 1990a, b; Sullivan, 1986; 

Merkens et al., 1991; Swihart et al., 1991;  Epple et al., 1993; Nolte et al., 1993; Jedrzejewski et al., 1993;  Boag and Mlotkiewicz , 1994,  Barreto and Macdonald, 1999).

5.2.6. Manipulating nature for conservation

The rapid spread of the American mink in the U.K. coincided with water voles being lost from 94% of sites in the U.K. in the last century (Strachan, 1998). Both empirical and theoretical studies have identified one of the main factors determining whether an area is occupied by water vole to be the absence of mink (Aars et al., 2001; Barreto et al., 1998; 

Macdonald and Strachan, 1999). In addition, it has been demonstrated that mink have a significant effect on ground-nesting birds, rodents and amphibians 

(Bonesi and Palazon, 2007). 
Mink control has traditionally involved the use of bank-side traps (Reynolds et al., 2004). However, disadvantages of using such traps includes: high attendance costs (i.e. they need to be checked every day); high capital costs as many traps have to be used (usually 1 per site) and high ecological and animal welfare costs (trapping of non-target species) (Reynolds et al., 2004).

The Game & Wildlife Conservation Trust developed a raft as a novel way of detecting mink and as a favourable trap site (Section 2.5.2, Anon, 2009). The trap was deemed a sensitive way to detect mink by directing the trapping effort solely to locations with mink, rather than wasting time on locations without them. However, the use of mink rafts is more expensive than using traditional bank traps alone in terms of initial capital expenditure, as each raft costs about three times as much as a bank trap. In addition they are comparatively bulkier, necessitating the use of a vehicle to deploy them (Thompson, 2006). 

A novel focus for the control of mink, and the safeguarding of the water vole, is to manipulate what nature has already created i.e. by employing the avoidance of competitor
scent. This research is popular when pests conflict with man by spreading disease to both humans and livestock; spoiling stored food, and damaging trees, agricultural crops and buildings (Gurney et al., 1999; Lindgren et al., 1995). For example, Rosell (2001) investigated the use of predator odours as grey squirrel (Sciurus carolinensis) repellents, research which was motivated by the considerable economic damage caused by this species (Rowe and Gill, 1985; Gurnell, 1987, Nowark,1999). 

5.2.7. Habituation

Habituation is learning that results in a loss of responsiveness to unimportant stimuli or stimuli that do not provide appropriate feedback (Epple et al., 1995). Habituation to synthetic odours is a frequently expressed concern of the repellent industry

(Lindgren et al., 1995). However, the majority of experimental results obtained from predator odour repellent research show that animals do not habituate to naturally occurring odours (Epple et al., 1993; Nolte et al., 1993) whereas analogs of effective predator odours consistently do not repel or alter the feeding behaviour of target animals 

(Sullivan and Crump, 1984; Epple et al., 1995). This is possibly because the environment continually reinforces the message with occasional physical interactions.

5.2.8. Aims of the Study

Two studies were conducted to determine the response of American mink to the scent mark of the otter as a plausible contributing factor in the recent decline in the mink. Initial captive pen studies served to directly, and rapidly, observe avoidance behaviour which could have occurred in the presence of otter faeces, followed by field trials. In practice, or in theory, the use of otter spraints or the chemical constituents of otter spraints could be located around the periphery of areas containing water voles, or other threatened species, to keep out mink.  

Pen Captive Study

The following hypotheses were tested in the pen study, using a choice chamber:

(1) That mink would avoid tunnels scented with spraints of Lutra lutra; by opting for an unscented tunnel.

(2) Mink would not avoid tunnels scented with sheep faeces, indicating that any response was not simply a response to a novel odour

(3)  Habituation will not occur to the otter scent

Field Study

In the field study, the hypothesis was that mink would avoid rafts scented with otter odour (spraints).

5.3. Materials and Methods

5.3.1. Captive pen study 

The research was carried out in woodland on the Walford and North Shropshire College campus, Baschurch, Shropshire, UK.  The site was selected for seclusion and at a time of year when student activity was low. The response of eight feral mink to the odour of otter spraints was tested in August 2004 using an experimental arena which presented mink with a choice of odours.  Recommendations for the treatment of animals in behavioural research
produced by the Association of Animal Behaviour (2003) and guidelines for environmental enrichment of mink (Warburton and Mason, 2002) were followed. In accordance with

Schedule 9 of the Wildlife and Countryside Act (1981), making it illegal to release mink into the wild in the UK, mink were dispatched as recommended in Macdonald and Strachan (1999), following the conclusion of the experiment. The relevant licence necessary to keep mink was obtained from the Department for Environment, Food and Rural Affairs (DEFRA). 

Six adult males, one juvenile male and one adult female mink were live trapped in the counties of Staffordshire, Shropshire and Worcestershire. Otter spraints were taken daily from the River Severn in Shropshire. On collection, spraints were stored in a freezer bag until return to the study site. They were kept in a freezer until required.
The apparatus (Fig 5.1) consisted of a home cage similar in size to a standard mink farm cage (300 x 600 mm and 450 mm high), containing a nest box and drinking bottle. The home cages were attached to a resource cage by four access tunnels. Three slits in the ceilings of the tunnels were created to accommodate vertical strips of thin rubber mounted in a frame (Fig.5.2). A scented strip was flanked by two strips impregnated with the smell of fish (odour that mink would not object to); this was to mask the smell of the scented strip inside the appropriate tunnel until subjects were inside, while still allowing free access down the tunnels. Access to and from home cages was via one-way doors. Return home from the resource cage was via a separate exit tunnel. Therefore, once a subject had left its home cage, the only way back was via one of the access tunnels and through the resource cage. One mink was allowed through the arena at any one time. Food (dry ferret food and sardines) was only provided in the resource cage, although drinking water was always available in the home cages. Each subject was fed twice a day.

The reaction of the captive mink to otter odour was investigated by offering a choice of access tunnels which led to the resource cage where food was provided. During each trial, 3 of the 4 access tunnels were randomly scented. This ratio was used to provide greater confidence in the results should mink select an unscented tunnel. Mink were pre-exposed to the test procedure for 2 days (4 trials) but no data were collected. 20 trials over 10 days were carried out with each subject. This meant the total number of trials conducted with

 Lutra lutra scent was 120, compared with only 40 for sheep odour. All the tunnels were cleaned, using the disinfectant Dettol®, between runs. ‘Scented’ was classed as otter spraint. Sheep odour was used to differentiate between response to otter spraints, and a response to a novel odour (neophobia). Sheep were held on-site. The investigator wore gloves throughout.

Fig. 5.1. Plan view of mink arena.
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Fig. 5. 2. Diagrammatic representation of access tunnels with loaded scented strips.
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5.3.2. Field trials

A field trial was conducted in May 2005. Twenty paired rafts, as designed by the Game and Wildlife Conservation Trust (Reynolds et al., 2004) were deployed on designated water bodies and courses, 2.8 km apart and known to have mink in Staffordshire (Figure 5.4). Rafts were not available commercially at the time, and therefore construction of 40 paired rafts was required using the methodology outlined in Anon (2009). The rafts were tethered at the water's edge, mainly at locations with emergent vegetation since some of the rafts were located in urban areas, with the potential for interference with the experiment by the public.

The rafts were designed to exploit the mink’s natural inquisitiveness. The experimental odour consisted of an otter spraint which was smeared either side of the tracking board. Evidence of raft use by mink was compared between scented and unscented paired rafts. This was achieved using a tracking pan supporting an Oasis® foam. The foam was immersed in water for several minutes and a clay/sand mixture approximately 1 cm thick, was applied and smoothed on top, providing an ideal medium to record tracks. Mink have 5 toes, but the smallest toe in the foot is rarely seen in tracks (Birks, 1986; claw marks are often visible (Birks, 1986) (Figure 5.3).  Initially, unscented rafts only were deployed in a monitoring capacity until mink were detected in an area and justification for a paired trial provided.  

Fig. 5. 3. on the left, a mink paw highlighting its 5 toes, on the right, the imprint on the tracking board of a GWCT raft with only 4 toes apparent (Pictures from Reynolds, 2003). 


[image: image14]

 SHAPE  \* MERGEFORMAT 
[image: image15]
Paired rafts were deployed at least 2.8 kilometres from other pairs along a watercourse, as this lessened the chance rafts picked up the same mink (Dunstone and Birks, 1985). The unscented and scented rafts (i.e. scented with spraints of European otter) were deployed three metres away in the hope that olfactory cues on the scented rafts could not be detected on the unscented rafts. Faeces were changed every second day to ensure freshness of odour. Otter spraints were stored in plastic bags in a freezer to ensure freshness. Once a positive record had been made (tracks recorded on either of the paired rafts), the raft was no longer used.

Figure 5.4. Raft sites in Staffordshire.
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5.4. Results

5.4.1. Pen Captive Study

Hypothesis 1 – Mink will avoid tunnels scented with otter scent

A Chi-square test using Yates’ correction for continuity was used to determine the mink deterrent aspect of otter spraints (Table 5.1). With 3 scented tunnels to 1 unscented, if there were no effects of the spraints then mink would be expected to choose the scented tunnels 0.75 of the time. 

Table 5.1. Chi-square test to determine the mink deterrent aspect of otter spraints.

	2
	Observed
	Expected

	Scented
	53
	90

	Unscented
	67
	30

	Column Total
	120
	120


2= 60.844, df = 1, P= <0.001. Highly significant. 

The results strongly suggest that mink avoid the scent of European otter by avoiding 3 tunnels scented with the odour, in favour of a single unscented tunnel.

Hypothesis 2- Mink don’t avoid tunnels containing sheep faeces.

A Chi-square test with the Yates correction for continuity was used to determine the mink deterrent aspect of sheep faeces. As with otter spraint, with 3 scented tunnels to 1 unscented (Table 5.2.).

Table  5.2.  A Chi-square test to determine if mink avoid tunnels scented with sheep faeces.

	2
	Observed
	Expected

	Scented
	34
	30

	Unscented
	6
	10

	Column Total
	40
	40


2= 2.133, df=1. P= 0.1441. 

The results suggest no significant aversion to the scent of a heterospecific non-predator (sheep) odour which was presented as an alternative to the otter scent; therefore the Null hypothesis was accepted in this instance since any aversion was due to chance alone. This result eliminates the theory that the mink may have been responding neophobically to otter scent.

Hypothesis 3– The mink will not habituate to the otter scent.

A chi-squared 2 x 2 contingency test – with the Yates correction for continuity was undertaken comparing the number of times mink chose scented versus unscented tunnels from the start of the study, days 1-5, compared with the second half of the study, days 6-10 (Table 5.3.). For simplicity, the total time was split in half for comparison.

Table 5.3. 2 comparing scented and unscented tunnel selection between days 1-5 and days 6-10 of the trial.

	2
	Days 1-5
	Days 6-10

	Scented
	16
	38

	Unscented
	42
	24

	Column Total
	58
	62


2= 12.43, df= 1, P= <0.0004. The results are statistically significant

5.4.2. Results- Field trial

Out of the 20 paired rafts deployed in Staffordshire, 60% were used by American mink. All positive rafts were at least 6 km apart, lessening the chance that the same mink used different rafts. Of this 60%, 100% of mink tracks were recorded on the unscented raft, but not the scented, because of this it was deemed unnecessary to undertake statistical analysis. The results suggest that mink avoided otter spraints. 

5.5. Discussion

The results strongly suggest that mink avoid the scent of European otter by avoiding three tunnels scented with the odour, in favour of a single unscented tunnel, and by avoiding scented rafts. This is in contrast to a more recent study conducted by                    Harrington et al., (2009), who found little evidence of mink avoidance to the odour of otters. Harrington et al., (2009) also used paired rafts but her study was quantitative, using counts of mink tracks on rafts tainted with anal gland secretions of otters, rather than recording presence or absence, as in the present study. The main difference between the two studies was that Harrington et al., (2009) obtained anal gland secretions from fresh collections of road kill carcasses. The extracted secretions were mixed in vegetable oil and diluted to make a 1% solution, while the current study used fresh otter spraints.  The disparity in results could be because the solution created might differ chemically from the naturally deposited spraints used in the current study, a conclusion also suggested by Harrington et al., (2009). 

In the current study, without testing for response to a range of carnivores it is not possible to say whether the response to otter faeces is a general one to carnivores or a specific reaction to mustelids (Dickman and Doncaster, 1984, Nolte et al., 1993 and              Weldon et al., 1993). For example, a response to a general odour characteristic was observed by Stoddart (1982a, b) who showed that Field voles, Microtus agrestis, avoided the odour of tiger, Panthera tigris, while Dickman and Doncaster (1984) reported that rodents avoided badger, Meles meles, odours. In the latter example, these carnivores had never been recorded in the study area, and since it is highly unlikely that in the former example the two have ever met, the results here indicate that the avoidance exhibited to the novel odour is indicative of an odour characteristic of many or all mammalian carnivores.  

Although in the pen study aversion was apparent, this effect was relatively short-term. It is possible that individual experience could have operated to limit long-term usefulness i.e. that eventually mink learnt that detection of otter scent was not followed by an aggressive encounter, a process termed habituation (Campbell et al., 1996). For innately repellent odours, learning could operate to alter and reduce repellence (Beauchamp, 1995). One hallmark of olfactory systems is its rapid adaptation or loss of sensitivity with repeated or continuous exposure (Engen, 1982). Thus if one were to broadcast an aversive odour to, for example, protect water vole from mink, it may be that the animal quickly adapts to it and hence no longer detects it, this phenomenon occurs in humans                             (Dalton and Wysocki, 1996), and may therefore be possible in other vertebrates.

In addition, unfamiliarity with the arena may have mitigated any effects of the treatments, and the 2 days (two trials per day) of pre-test trials may not have been sufficient to familiarise the mink with the test situation. The test arena was an artificial, simple environment and mink may have perceived quickly that otter was not present. This was believed to have been the case for a similar study testing the repellence of mongoose faeces and urine to rats (Tobin et al., 1995). 

5.6. Conclusions and Further Research

This study has illustrated the potential in the deterrence of mink using native otter scent.  The scent of a rival could repel a ‘pest’ from a specific area and aid the protection of a vulnerable species, in this instance, the protection of Arvicola terrestris against mink predation. Repellents are currently used to deter designated pests away from target species, usually agricultural crops (Gains, 1957; Karim, 1996; Reddy and Guerrero, 2000). 

The problem of habituation will have to be investigated further in a field trial, since the nature of the test arena in the pen trial may have mitigated any effects of the treatments. It may be that for the odours to work, mimicry of the natural context in which scent would be detected is necessary i.e. they would be encountered rarely in very select locations. A combination of repellent odours with repellents detected by other sensory systems may provide a synergistic basis to improve repellent performance (Beauchamp, 1995). 

Freshness of the spraint could also effect the effectiveness of the spraint as a mink deterrent and is worth exploring since  a reduction in repellents’ effectiveness has been reported in Deer-Away Big Game Repellent (BGR) or the faeces of coyotes, cougars   (Felis concolor), and wolves (Canis lupus). These completely suppressed feeding by captive mule deer (Odocoileus hemionus) on salal (Gaultheria shallon) branches, Douglas-fur seedlings, and western red cedar (Thuja plicata) for 20 days (Sullivan et al., 1985). However, one day of heavy rain completely destroyed the effectiveness of the repellents. Furthermore the effectiveness of chicken eggs, BGR and coyote urine at reducing the browsing of apple twigs by captive mule deer was decreased when the twigs were sprinkled with water to simulate rainfall (Andelt et al., 1991).  These observations could be attributed to either degradation of active ingredient(s) or a stale odour suggests that the risk is minimal as a predator has long gone. 

It would also be interesting to explore differences between Harrington et al., (2009) and the present study to determine the disparity in our results e.g. the processing of samples, likelihood of mink having previous encounters with otters etc.

Manipulation of olfaction for its use in conservation is a relatively new approach, but has clear potential. For example, predator training using olfactory cues may be a cost effective way to help increase survival of potentially vulnerable prey which have become predator naïve in captivity, by teaching them to respond specifically to predators                (Blumstein et al., 2002). In addition, it has been shown to provide a means for improving success in conservation breeding programmes (Roberts and Gosling, 2004). Research is needed to try and characterise and isolate the chemicals involved in inducing the response seen in these tests.
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6.1. Abstract

The water vole (Avicola terrestris) has suffered a drastic decline in Britain over the last 20 years. The reasons for such a decline include the loss of suitable habitat through insensitive maintenance of watercourses and development, together with increased levels of predation, especially by the introduced American mink (Neovison vison). As the threat of extinction is so great, it has become essential to pinpoint the location and size of remaining colonies, and determine and control factors which may serve to threaten this vulnerable species. 

What constitutes suitable habitat for water vole has previously been studied at a local scale in Staffordshire, with still-water fisheries proving to be favoured habitat for this species. This chapter attempted to investigat the impact of newly colonised otters on water vole distribution and abundance, to determine if still-water fisheries still act as suitable habitat for water vole.  

In all, forty still-water fisheries were studied in an area lying to the east of Stoke-on-Trent and encompassing parts of the river catchments of the Blithe, Tean and Churnet. Each pond was carefully surveyed for signs of water voles, mink, otters and brown rats

(Rattus norvegicus). A comparison of habitat features between previous and current surveys was made to investigate the impact of such features on water vole abundance. 

An increase in otter numbers on adjacent rivers, and a subsequent decrease in mink numbers, resulted in 23 more water vole latrines being found on still-water fisheries in the area, with no signs of mink found on any of the ponds surveyed, demonstrating the local importance of still-water fisheries for water voles in Staffordshire.

6.2. Introduction

6.2.1 Introduced Species

Introduced species can have a major negative impact on biodiversity and are considered to be the second widest global threat to biodiversity, the first being the loss of habitat (Gittleman et al., 2001). The British Isles have experienced a significant amount of introduced fauna, considerably altering the mammalian fauna

(Manchester and Bullock, 2000, Maroo and Yalden, 2000). Many of the introduced species to the UK have become well established and there have been targeted efforts to eliminate these introduced species, with varying degrees of success (Manchester and Bullock, 2000). 

6.2.2. The American mink and Water vole 

A well know introduced UK species is the American mink. The American mink, a popular furbearer, was transported to many countries, far beyond its native range of North America in the 1920s (Macdonald et al., 2002; Macdonald & Harrington, 2003). It reached the UK in the 1920s and through a combination of natural escapes and intentional releases, became established in the wild by the 1950s (McDonald et al., 2007). The mink has been implicated in a myriad of conservation issues (Manchester and Bullock, 2000,               Aars et al., 2001). Most notable of these is the decline of the water vole (Arvicola terrestris) for which the mink is considered to be the second most important reason for decline in the species (Rushton et al., 2000; Aars et al., 2001). The change in the use of agricultural land is considered to be the most important (Rushton et al., 2000). Although mink predation has been recognised as sufficient to reduce water vole populations, 

Barreto et al. (1998b) suggested that a drastic change in the configuration of the habitat of water voles to linearlised “snakes” of vegetation increased the vulnerability of water voles and perhaps even initiated their decline. The authors analogise the predicament facing the water vole in the “Tightrope Hypothesis.” 

6.2.3. The Water vole

The Northern water vole is famous for its part in Kenneth Grahame’s children’s classic, The Wind in the Willows. However this has not afforded any security to this species, with the water vole declining at an ever-increasing pace in Britain in the past century 

(Strachan et al., 2000). By the year 2000, water voles had disappeared from approximately 90% of the sites they had occupied earlier in the twentieth century (Strachan et al., 2000).

The decline of this species has become so severe that it was included on Schedule 5 of the Wildlife and Countryside Act (1981) amended 1998, sections 9.4(a) and 9.4(b). This makes it illegal to;

· Intentionally or deliberately kill, injure or capture water vole

· Deliberately disturb water voles and their place of refuge

· Damage or destroy water vole breeding sites or resting places.

6.2.4. Species Description

The Northern water vole is the largest member of the British vole family (the others being the bank vole, field vole and Orkney vole), weighing between 200-350 g

(Barreto et al., 1998a). It is one of two species of water vole inhabiting Europe. Occurring throughout much of Europe and Russia, its distribution overlaps with the Southern water vole (Arvicola terrestris sapidus) in Southwest Europe (Corbet and Harris, 1991). There are two subspecies of the Northern water vole, A. terrestris amphibious, which is the sole subspecies in Britain, and A.terrestris sherman, which predominates on the continent. The latter is highly fossorial, while amphibious is mainly aquatic, though the two lifestyles are not exclusive to either one species (Strachan, 1998).

Water voles live in colonies and excavate burrows in bank sides but despite this, they string themselves out along a watercourse into territories. These are established by breeding females with a particular social status. This is not the case for low ranking females and juveniles. The length of territory ranges from 30-150 m for females and 

60-300 m for males, but these are dependent on water vole density, season and habitat quality (Strachan, 1998). These territories are marked by discrete latrine sites which are found close to burrows and at the boundaries of territories (Candlin, 2000).

6.2.5. Otter and water vole interaction

The effect of mink predation on water vole in the U.K. is well documented

(Jefferies et al., 1989; Woodroffe et al., 1990b, Strachan and Jefferies, 1993), however it is generally not acknowledged that the European otter also predates on the water vole. In fact, when both species were common on the Cambridgeshire dykes and fens in the early part of the 20th Century, water voles were considered to be a staple part of the otter’s diet 

(Waters, 1907).  The otter not only shows considerable agility on land but also displays, compared to the mink, excellent swimming and diving skills. Stephens (1957) examined the stomach and intestinal contents of 28 otters dying or killed in 1952-1954, in addition to a number of spraints collected in the same period. She found the remains of four water voles; however these formed a mere 1.4% in percentage occurrence, but considerably more in weight. Chanin (1985), referring to dietary examination by spraint analysis reflected that there are: “many instances of mammal predation [which may] reflect accidental encounters by otters rather than deliberate hunting.” Otters and water voles have co-existed in Britain for thousands of years without noticeable impact of the latter by the former. However it is possible that recovering otters inhabiting a region containing a small and fragmented water vole population could easily exert an exaggerated and deleterious effect on that population.

6.2.6. Water voles in Staffordshire

The national water vole survey (Strachan and Jefferies, 1993) indicated that the Severn-Trent catchment held good numbers of water voles compared to many areas in the country, with the county of Staffordshire lying within this catchment, containing the strongest colonies. Candlin (2000) found that in terms of sites with confirmed breeding signs, the larger more viable water vole colonies were located mainly in the northern half of the county including Newcastle, Stoke and the Staffordshire Moorlands. The creation of a buffer strip on the Cecily Brook at Cheadle (SK015436) by Staffordshire Moorlands District council has seen the expansion of the water vole colony, already one of the strongest in the county (1999 latrine count = 98, 2000 latrine count = 205) (Candlin, 2000). Since 2000, no other study has been conducted, but sightings by members of the public suggest that the area is still a stronghold for water voles (Craig Slawson, Staffordshire Ecological Records, personal communication 2010).

6.2.7. Ponds- Safe Havens for water voles?

Of all the habitats surveyed during a national water vole survey, ponds had the second highest percentage occupancy of water voles (Strachan and Jefferies, 1993). Recently, North Staffordshire has witnessed a proliferation in the number of still water fisheries: in excess of 2000 in the Upper Trent catchment alone (Ball, 2000). The abundance of the fishery ponds suggests that this habitat may be of considerable value for water voles in Staffordshire. A study conducted in the year 2000 (Ball) encompassing 40 still-water fisheries, including those both commercially and privately owned in the catchments of the Trent and Dove, found that over a quarter had water voles present. In the study, mink had not exerted an effect, with no field signs found. Mink prefer wooded watercourses of a heterogeneous nature with frequent pools and blockages but with little emergent and submerged vegetation (Dunstone 1993). Mink also prefer slow-flowing water 

(Dunstone, 1993) and their populations are limited by den sites (such as tree cavities and old burrows) and prey abundance (Macdonald and Strachan, 1999). This depicts the river corridor, particularly along the Churnet and parts of the Blithe. However, mink are highly adaptive creatures with flexible hunting capabilities, and should resources be limited elsewhere, could switch their hunting ground to still-water fisheries.

6.3. Aims

The re-colonisation of the European otter is a relatively new phenomenon in Staffordshire. The possible impact on American mink was discussed previously (Chapters 3 and 4), but one of the initial aims was to elucidate the indirect effects of otter re-colonisation on the water vole in Staffordshire through its effect on mink. Ball (2000) concluded that still-water fisheries were acting as “safe havens” for water vole, however, at the time of the survey, no mink signs were found, it is therefore necessary to elucidate the domino effect of competition between otter and mink on the water vole since this initial survey was conducted.  My aims were as follows:

(1) To ascertain changes in distribution and abundance of water vole on still water fisheries since 2000

(2) To ascertain mink/otter distribution to determine impact on water vole populations on still water fisheries

(3) To quantify any changes in habitat variables that may influence the distribution and abundance of water voles on the still water fisheries.

6.4. Methods

6.4.1. Study area

In 2006, the density of mink/otters and water voles was analysed at 40 still-water fisheries overlapping the catchments of both the Trent and Dove (Staffordshire, UK extended from Bagnall in the far north-west (SJ928 509) to Forsbrook in the mid-south (SJ965 416) and Cheadle (SK010 434) and Kingsley Holt in the east (SK021 462). The area was chosen because the densities of water vole and mink were studied there in 2000 by Ball (2000) providing a suitable benchmark for comparisons of change.  

Ball (2000) did not adhere to the standard “general catchment survey” method suggested by Strachan (1998) since it would have been impossible to cover the unquantifiable number of still water-fisheries in the entire river catchments. In addition, the distribution of fishery ponds is often patchy, with “groups” of ponds overlapping the boundaries of catchments. For continuity, the methodology adopted by Ball (2000) was followed by incorporating a representative number of still-water fisheries in the area known for water vole. 

Details of ownership of many still-water fisheries are held by the Environment Agency, but due to owner’s confidentiality rights this available was not available. Local angling clubs were contacted for permission to conduct surveys, and permission was granted in all cases. 

The survey period extended from mid-June to the end of August. This was necessary for two reasons (1) Ball (2000) also conducted her study at this time, therefore making it possible to compare data, and (2) this lay within the optimum time period for surveying water voles, with their signs being most evident (Strachan, 1998). To make the results of different surveys comparable, the same site was re-surveyed at the same time of year, within a window of two weeks. 

6.4.2. Species survey-Water vole

The water vole leaves a whole host of field signs, with none more conspicuous than its latrines. These consist of piles of old, flattened droppings, underlying toppings of fresh droppings and develop through the water vole’s habit of scent-marking during defecation when the hind-feet are wiped across the lateral scent glands and then “drummed” onto the latrine (Strachan and Jefferies, 1993). Other field signs such as feeding stations, burrows, lawns, nests, footprints and runways were recorded, but were not deemed as indicative of a breeding colony. For example, the presence of burrows alone, without other field signs, indicated a previous existence of the species and possible population extinction.

Water voles tend to restrict themselves to a 6 m zone from the water’s edge during the breeding season, with field signs aggregated in this area. Searching was carried out at a slow pace, with any signs encountered thoroughly investigated.

6.4.3. Species survey- American mink/brown rat/otter

Signs of American mink (scats, footprints and sightings), otter (spraints, footprints and sightings) and brown rat (faeces, runs, burrows and sightings) were also counted. 

6.4.4. Important Variables 

Ball (2000) suggested six variables which, in her study, best accounted for differences between ponds with and without breeding water voles. These were as follows:

· The length of the pond circumference with a bank above water level greater than 0.5 m in height

· The length of the pond circumference with emergent vegetation

· The percentage of the pond circumference suffering from poaching by grazing animals.

· The presence of brown rats

· The number of ponds within 150 m

· The distance to the nearest water vole breeding colony

Balls’ (2000) analysis using the above six variables had a strong predictive power, being able to predict the presence of breeding water voles with an accuracy of 85%, P= 0.005, making the results highly significant. Bearing this in mind, I reassessed any changes in these variables so I could eliminate habitat variables when assessing potential impact of otter and mink on water vole abundance.

6.4.5. Habitat Survey

During the survey, habitat features on still-water fisheries, as mentioned in Section 6.4.4., were recorded to ascertain features which could be influencing water vole distribution.  The habitat survey was conducted at the same time as the species survey. Many of the features were classified using a sliding scale. For example, bank profile (below water level) was recorded as flat (<10o), Shallow (<45o), Steep (>45o) and vertical/undercut. Features were measured on a quantified scale to enable statistical interpretation. This was achieved through estimating the percentage of the pond circumference that each feature was found on. The following is a list of pond and bank features recorded:

6.4.6. Bank Features

The “bank” is defined as the entire bank including 3 to 5m from the pond edge. 

Bank profile (above water level) - measured as Flat (<10o), Shallow (<45o), Steep >45o) and Vertical/Undercut

· Poaching- None, Limited (<33% of bank), Moderate (34-66%), Severe (>67%)

6.4.7. Surrounding Vegetation

Vegetation is an essential pre-requisite of water vole habitat since it provides both cover and food. A floristic approach that provides information on dietary species was adopted (Woodall, 1993). 

Vegetation types were roughly classified into Emergent, Tall Herb/Ruderal, Rank Grass, Short Grass, Bare Ground, Scrub and Woodland. These were classified on their plant species and growth form using descriptions from Phase 1 Habitat Classification

NCC., 1990). However, the fringing of Rush (Juncus spp.) frequently encountered along the periphery of ponds was not classed as Marshy grassland, as suggested under Phase 1 classification, simply because it often formed mosaics with the taller emergent vegetation and so was incorporated into the “Emergent” group. Plant lists provided by the National Pond Survey Methods Booklet (Biggs et al., 1994) also provided help in classification.

6.4.8. Landscape Features

Ball (2000) classified ponds into “clusters” if they lay within 150 m of each other, since this is within the maximum home range of a breeding female water vole, or as single units, if they lay in excess of 150 m from the nearest pond. She achieved this using field records and OS maps (Explorer Series 258 and 259). 

The “isolation” of each pond was measured by determining the distance from each pond to the nearest known water vole breeding site. Ponds outside the 2.6 km i.e. the maximum dispersal range ever recorded for water vole (Stoddart, 1970) were classed as isolated. When signs of presence and breeding were found on more than one pond (or known from other sites lying within a cluster), the distance from each pond with water vole signs was measured to the nearest breeding site lying outside the cluster, as it was believed that the water vole populations within the cluster were likely to be operating as a discrete colony.
6.4.9. Calculating Water vole abundance

Rigorous studies using capture-mark-recapture have shown six large latrines approximate to one breeding female (Macdonald and Strachan, 1999). Therefore the ratio of latrines to breeding females will be assumed as 6:1 in this study.

6.5. Results

Aim 1-To ascertain changes in distribution and abundance of water vole on still water fisheries since 2000.

Figure 6.1 and 6.2. show the distribution of the fishery ponds, along with their individual counts in 2000 (Fig. 6.1) and the current study (Fig. 6.2.) Of the 40 still-water fisheries surveyed, only 6 exhibited slight changes in latrine counts; 5 of which displayed an increase in the number of latrines, with only one showing a decrease (Blakehall ‘b’). The total increase amounted to 23 latrines, which taking into account that six large latrines is approximate to one breeding female (Macdonald and Strachan, 1999) suggests an increase of approximately 4 breeding female water voles.
[image: image17.png]Figure 6.1. Study area showing the distribution of latrines counted on still-water fisheries with
breeding water voles (Ball, 2000)
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[image: image18.png]Figure 6.2. Study area showing the distribution of latrines counted on still-water fisheries with
breeding water voles in the current study
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Aim 2- To ascertain mink/otter distribution to determine impact on water vole populations on still water fisheries.

The distribution of otter/mink on local water courses (Tean, Blithe and Churnet) can be seen in Chapter 3 (Figure 3.2).  Site surveys failed to find signs of otter and mink on any of the still-water fisheries visited. 

Aim 3- To quantify any changes in habitat variables that may influence the distribution and abundance of water voles on the still water fisheries.

A logistic regression analysis was performed to predict the presence of breeding water voles in 40 ponds using the predictor variables used by Ball (2000). A test of the full model against a constant-only model was significant (χ2 = 23.92, 6 df, P=0.01), indicating the overall set of predictor variables reliably distinguished between breeding and non-breeding ponds (Appendix 5- variable raw data).

Overall, 82.5% of the observed groupings were classified correctly by the model, with 93.1% of ponds without breeding water voles, but only 54.5% of ponds, with breeding water voles being correctly classified (Table 6.1).

Table 6.1. Classification of observed groupings.

	Classification Tablea

	
	Observed
	Predicted

	
	
	Breeding
	Percentage Correct

	
	
	0
	1
	

	Step 1
	Breeding
	0
	27
	2
	93.1

	
	
	1
	5
	6
	54.5

	
	Overall Percentage
	
	
	82.5

	a. The cut value is .500


The Wald chi-square statistic, tests for the unique contribution of each predictor, in the context of the other predictors, that is, eliminating any overlap between predictors. The Wald statistic indicates that the number of ponds within 150 m made a significant (P= 0.026) contribution to the prediction (Table 6.2.).  For each additional pond within 150 m, water voles are 4 times more likely to belong to the breeding category, controlling for other variables in the model.

Table 6.2. The Wald chi-square statistic for the unique contribution of each predictor, in the context of the other predictors.

	Variables in the Equation

	
	
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	Step 1a
	Ponds150m
	1.396
	.629
	4.927
	1
	.026
	4.038

	
	Nearest
	.000
	.001
	.096
	1
	.756
	1.000

	
	Poaching
	1.048
	.816
	1.650
	1
	.199
	2.853

	
	BrownRat
	5.422
	2.924
	3.438
	1
	.064
	226.437

	
	Bank
	.023
	.013
	3.239
	1
	.072
	1.023

	
	vegetation
	.007
	.008
	.857
	1
	.354
	1.007

	
	Constant
	-12.680
	5.617
	5.097
	1
	.024
	.000

	a. Variable(s) entered on step 1: Ponds150m, Nearest, Poaching, BrownRat, Bank, vegetation.


Despite the model being significant, it was decided to run the model again without the inclusion of the predictor variable nearest water vole breeding colony, since the current model could only classify 54.5% of ponds with breeding water voles correctly, and to eliminate problems associated with multicollinearity 

(Legendre & Lengendre, 1998).  This predictor variable was significantly correlated at the 0.05 level (2 tailed) with the variable number of ponds within 150 m of each pond (Table 6.3). 

	Table 6.3. Correlation between the six variables used in the model.  N=40

* correlation is significant at the 0.05 level (2-tailed)

	
	
	Ponds150m
	Nearest
	Poaching
	BrownRat
	Bank
	vegetation

	Ponds150m
	Pearson Correlation
	1
	-.361*
	-.120
	-.091
	-.179
	.125

	
	Sig. (2-tailed)
	
	.022
	.462
	.578
	.269
	.440

	Nearest
	Pearson Correlation
	
	1
	-.194
	-.284
	.040
	.005

	
	Sig. (2-tailed)
	
	
	.230
	.075
	.804
	.975

	Poaching
	Pearson Correlation
	
	
	1
	-.107
	.006
	-.211

	
	Sig. (2-tailed)
	
	
	
	.512
	.969
	.192

	BrownRat
	Pearson Correlation
	
	
	
	1
	.046
	.283

	
	Sig. (2-tailed)
	
	
	
	
	.776
	.076

	Bank
	Pearson Correlation
	
	
	
	
	1
	.297

	
	Sig. (2-tailed)
	
	
	
	
	
	.063

	vegetation
	Pearson Correlation
	
	
	
	
	
	1

	
	Sig. (2-tailed)
	
	
	
	
	
	


Table 6.4. Classification of observed groupings following revision of the model.

	Classification Tablea

	
	Observed
	Predicted

	
	
	Breeding
	Percentage Correct

	
	
	0
	1
	

	Step 1
	Breeding
	0
	26
	3
	89.7

	
	
	1
	4
	7
	63.6

	
	Overall Percentage
	
	
	82.5

	a. The cut value is .500


The revised model, omitting the correlated variable nearest water vole breeding colony, was still significantly different from the constant only model (χ2 = 23.82, 5 df, P=0.001), however, this modification resulted in the model being able to classify successfully 89.7% of ponds without breeding water voles, and 63.6% with (Table 6.4), although it did not make any of the remaining predictor variables significant.

6.6. Discussion 

6.6.1. Otter/mink/water vole Interaction

It was hypothesised that interspecific competition between otter and mink for residency could force the smaller mink off the main riparian strip and into comparatively “sub-optimal” still-water fisheries, previously designated “safe-havens” for water voles by

 Ball (2000), since Ball (2000) found no signs of mink during her study.

Figures 6.1 and 6.2., shows the proportion of latrines counted on still-water fisheries between Ball (2000) and the current study. The total number of latrines increased by 23, which taking into account that six large latrines approximates to one breeding female (Macdonald and Strachan, 1999), suggests an increase of 4 breeding female water voles. It is not surprising that the study site still remained a water vole stronghold since, in both Ball (2000) and the current study, there were no signs of mink found on any of the ponds surveyed, and no sightings reported in the questionnaires Ball (2000) distributed. In the former study, Ball (2000) admits that mink signs were: “not principally sought” during her study, and “signs may have been missed.” This was not the case in this study where field signs were actively sought, but perhaps colonising otters, on adjacent rivers have prevented mink from accessing still-water fisheries? A similar observation was made during the otter/mink survey of 1991-1994, where the otters colonised previously mink-only areas of the South-west Region of England, and the mink disappeared, the adjacent, presumably, sub-optimal areas remained empty of both species (Strachan and Jefferies, 1996).

It may simply be that trapping on still-water fisheries keeps mink numbers in check. Two of the ponds surveyed, Dilhorne ‘a’ and ‘b,’ appeared to be trapped, although the owner declined to comment on this. These ponds held a healthy breeding colony, with the trapping potentially creating a predator-free refuge for water vole. However, none of the other ponds appeared to be trapped, and informal conversations with landowners confirmed this.  

Another explanation is the presence of an extreme form of intraguild competition, lethal fighting resulting in mortality of subordinate breeding adults as discussed previously (Chapter 3); this might explain the decline in mink numbers on the main riparian strip, and also the lack of mink signs on the adjacent still-water fisheries. This possibility is further supported by the presence of mink fur found in otter spraints (Chapter 4).

6.6.2. Habitat Features- why are ponds safe havens for water vole?

The logistic regression analysis using the six variables had a strong predictive power, being able to classify 82.5% of the observed groupings correctly, but only 54.5% of ponds with breeding water voles were correctly classified. Following revision, this percentage increased to 63.6%. The importance of these predictor variables can be explained in terms of water vole ecology. 

6.6.3. Number of ponds within 150m of each pond

The Wald statistic showed that the number of ponds within 150 m of each pond was shown to be the variable that best accounted for breeding on fisheries (P= 0.026). For each additional pond within 150 m, water voles are 4 times more likely to belong to the breeding category, controlling for other variables in the model. Excluding Booth Farm, which housed a healthy population of breeding water voles, all the fisheries with breeding water voles were found in clusters. This result suggests that ponds within close proximity of one another act as a more complex configuration in habitat, providing greater variety of suitable habitat which water vole can radiate from. However, not all clusters had breeding water voles, demonstrating the importance of the other 5 variables in the model. 

All 9 ponds of Blakenhall fishery lay within 150 m of most of the ponds in the cluster (the whole site consisted of several overlapping clusters). This distance is less that the length of a female water vole home range (Strachan, 1997, 1998) and could therefore have easily been colonised by breeding adults that may have been present on a single pond within the cluster. The combined length of vegetation on the entire of Blakenhall fishery (including the stream) was 1400 m. A maximum length of between 500 m to 1000 m of emergent vegetation is required to support a minimum viable population of around 10 breeding females (Strachan, 1998). 

6.6.4. Length of pond circumference with a bank above water level greater than 0.5 m in height 

In this study, ponds with breeding water vole were distinguished by larger lengths of bank that had a height of at least 50 cm above water level (t=7.96, df =78 P < 0.001 (2 -tailed)), although, on two of the ponds with indications of breeding i.e.  Blakehall ‘a’ and ‘j,’ no banks of this height were present; the remaining breeding ponds had between 26 m and 191 m. 

The water vole main burrow system is an extensive labyrinth of tunnels ending in, and passing through, nest chambers and food stores (Strachan, 1997), thus essentially, a large volume of bank is required to construct them. At least part of the burrow system is situated high up on the bank to avoid extreme flooding and to prevent the water vole being trapped and drowned. Barreto et al., (1998a) states that water vole often remain in their burrows during flooding and are dependent on air pockets and caches of food in the burrow for survival. 

 6.6.5. Poaching

Poaching was analysed in this study because it was one of the six variables suggested by Ball (2000) which best accounted for differences between ponds with breeding and non-breeding water voles. In the current study, it was the predictor variable which least contributed to the equation, however its inclusion resulted in the model being able to classify 82.5% of the observed groupings correctly and 54.5% of ponds with breeding water voles classified correctly (Table 6.4). Sheep, cattle and horses were all responsible for the poaching seen in this study. Poaching serves not only to reduce vegetation cover, but also to trample and erode banks and the burrow systems they contain 

(Macdonald and Strachan, 1999).

Of the sites surveyed nationally, which were previously known to have held water vole, only 40% of those suffering heavy grazing still held water vole populations in the 1989-1990 survey (Strachan and Jefferies, 1993). In addition, sites in the North Yorkshire Moors, which were subject to a high grazing pressure, had low levels of vegetation cover and held no water voles. 

Loss of “suitable” habitat as defined for water vole in Strachan, (1998) is the primary threat to the majority of vertebrate species currently facing extinction (Heywood, 1995). Many studies have highlighted the deleterious effects of heavy grazing, as discussed previously (Lawton and Woodroffe, 1991; Strachan and Jefferies, 1993, 

Barreto et al., 1998a). The National Water Vole Survey 1989-1990 showed a significant difference in the percentage occupation sites with and without heavy grazing

(Strachan and Jefferies, 1993). Furthermore, Lawton and Woodroffe, 1991 and 

Barreto et al., 1998a, found grazed sites to have poor vegetation cover, poached banks and little or no evidence of water voles. 

6.6.6. Distance to the nearest water vole breeding colony

The configuration of ponds in the study area had not changed since the 2000 study, suggesting that any subtle change in water vole numbers was not influenced by pond “isolation.” Interestingly, some ponds without breeding water voles were found no greater than 1.6 km away from the nearest water vole breeding colony and all were within the maximum dispersal range from other breeding sites. Reasoning behind this is entirely suppositional since only in-depth tagging or mark-and-recapture programmes can provide reliable answers; however, lack of breeding on sites within the 2.6 km buffer zone of breeding sites may be because, unlike Stoddart’s (1970), study which occurred in a desolate landscape with few artificial hazards, the area surrounding the fisheries was marked with numerous transitions between habitats and artificial features. 

Forman and Alexander (1998) suggest that roads can be a huge deterrent to small mammals. Therefore, the maximum distance between breeding colonies on a pond may be considerably lower than the benchmark 2.6 km depending on the makeup of the intervening matrix. In the current study, for example, Haleshall ‘a’ was no more than     350 m from the nearest breeding water vole colony, but was separated by a small country road.

Metapopulation theory (Hanski and Gyllenberg, 1993) describes how species operate in a patchy environment and predicts how they might react to increasing isolation. This theory has been used to illustrate water vole population dynamics in fragmented landscapes (Lawton and Woodroffe 1991, Macdonald and Strachan, 1999 and Rushton et al., 2000). The theory proposes that a series of small, unstable and semi-isolated patch populations exist, which individually are unviable, but holistically, through the mechanism of migration between patches, can maintain a viable population. Inadequate dispersal among patches due to decreasing patch size and increasing patch isolation can lead to a collapse and extinction of the entire population (Hanski and Gyllenberg, 1993).

Extinction is dependent on a plethora of interacting factors, many of which relate to the demography of the species in question and the configuration of habitat patches, for example, dispersal capabilities. If patches become further apart, then species that are not effective dispersers are prone to extinction. The importance of dispersal is important in an aquatic setting, where dams, point sources of pollution, channelisation etc. can limit movement. If the patches are further apart than the maximum dispersal range of the species, patch re-colonisation can not occur, which potentially threatens the viability of the metapopulation at large. The maximum dispersal distance of water voles was recorded by Stoddart (1970), where a female was captured 2.6 km away from a previous recapture site. The water vole’s poor dispersal capabilities may therefore make it particularly susceptible to habitat destruction and isolation. 

6.6.7. Brown rat

Despite inclusion in the top six variables best accounting for differences between ponds with and without breeding water voles, brown rats contributed only very weakly to the predictive power of the final logistic regression.

Possible competition between rats and water voles has been discussed by 

Barreto and Macdonald (1999), suggesting that aggressive encounters and predation of water vole young can drive out water voles, but further research is needed.

6.6.8. Emergent Vegetation

The logistic regression established that ponds containing breeding water voles had significantly greater lengths of emergent vegetation (Table 6.2). In terms of water vole ecology, thick waterside vegetation forms the roof under which the majority of the water vole’s life above ground is carried out. Its function is twofold, to conceal water vole activity from a whole host of predators including raptors (Strachan and Jefferies, 1993), as well as providing the majority of the vole’s diet. The importance of emergent vegetation is further explained when water vole food choices are put into consideration. To elaborate, despite Strachan and Jefferies (1993) demonstrating that the water vole has a catholic taste, taking a wide variety of herbage, many studies have indicated a more restricted preference when it comes to choice of habitat, with water vole confining themselves to sites with plentiful amounts of rush, sedge and reed (Macdonald and Strachan, 1999). These species have been shown by Strachan and Jefferies (1993) to be some of the most important food plants for water vole. 

6.7. Conclusion

Still-water fisheries still appear to be valuable habitat for water voles in the study area, with over a quarter of individual fishery ponds surveyed having water vole present. The abundance of fishery ponds in Staffordshire, coupled with the fact that widespread mink trapping may be practised is potentially of great value to water voles. 

Although some of the largest colonies of water vole in the county are located within the study area, the situation overall mirrors that nationally. Water voles no longer occur on most water courses in the area, and are restricted to a few scattered sites. Extinction is a real possibility. It is therefore vital that regular surveys are undertaken to monitor water vole numbers and take necessary action to ensure the longevity of this vulnerable species.
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7.1 Abstract

This chapter will attempt to draw together the conclusions from the study by concentrating on three main points:

(1) A summary of all the evidence will be provided to establish the impact of the Eurasian otter on the American mink at a local level;

 (2) A discussion of the mechanisms through which mink and otters are likely to compete will be presented along with evidence used to disregard other hypotheses for mink decline; 

(3) A discussion on the conservation implications of the otter-mink-water vole system is offered. 

7.2. Impact of the European otter on the American mink- a local perspective

Chapter 3 showed that, as the number of otters in the study area increased, mink distribution and abundance decreased, with the otter replacing mink in 43% of sites previously known to have held mink, but never the reverse. This evidence suggests that otters may possibly be affecting the abundance and distribution of mink, an observation by no means exclusive to this study (e.g. Erlinge, 1972; Kauhala, 1996; 

Strachan and Jefferies, 1996, Ruiz-Olmo et al., 1997, Bonesi, 2002). Chapter 6 showed that the decline of mink, possibly due to an increase in otters, did not result in the displacement of mink to adjacent still-water fisheries, areas which act as a strong-hold for water vole. 
7.3. Mechanisms of competition between otter and mink

Competition is usually classed as exploitation or interference competition 

(Park, 1962). Exploitation competition occurs when one individual uses a resource and therefore deprives another individual of the opportunity to do so (Chapter 4). Interference competition involves direct antagonistic behaviour by one species which precludes the other from accessing a resource (Chapter 3). Intra-guild predation is the most severe form of intraguild interference i.e. lethal fighting and predation. The exact mechanism which operates between otters and mink could be any combination of these, and it is difficult to discriminate between them as they all produce similar patterns (Polis et al., 1989).

There are several ways in which interference competition may manifest itself: (i) the dominant competitor may kill the subordinate (Palomares and Caro, 1999); 

(ii) resource stealing from the subordinate by the dominant competitor may occur, a phenomenon known as kleptoparasitism (e.g. Gorman et al., 1998); (iii) the subordinate competitor may simply avoid the competitor to reduce the risk of food loss or fatal encounters (e.g. Palomare et al., 1996) and/or (iv) the dominant competitor may attempt to eliminate the smaller species’ communication system (Wickens, 1991). 

7.3.1. Killing and resource stealing

The remains of mink fur in otter spraints were found (Chapter 4), an observation also made by Grigor’ev and Egorov (1969). Furthermore, Novikov (1956) described that otters “vigorously hunt” mink in Russia, while Kleptoparasitism has been observed when an otter has been seen stealing a fish that a female mink has just caught (Bonesi et al., 2000). However, unless direct observations are made, the evidence is weak considering the quantity of spraints that have been analysed and should only be taken as speculative.

7.3.2. Active avoidance

Active avoidance can be mediated by either direct aggressive exclusion by an aggressive dominant, or indirectly by the avoidance of areas by the subordinate, mediated by response to scent marked by the dominant species. Active avoidance can be subdivided into direct and indirect.

7.3.3. (a)  Direct active avoidance

Displacement/loss of mink observed in this study could relate to mink actively avoiding direct face-to-face encounters. Indeed, intra-guild aggression is believed to be the cause of the decline of the European mink (Mustela lutreola) in the presence of the American mink (Dunstone, 1993). Maran et al., (1998) found that where the two species occurred together, the American mink went out of its way to harass the latter and this exclusion has also been observed between sympatric populations of coyotes (Canis latrans) and red fox (Vulpes vulpes), with the former excluding the latter from core areas of its home range 

(Voight and Earle, 1983); while coyotes are known to actively avoid wolf territories.

However, a single radio-tracking study between river otters (Lutra canadensis) and mink in North America (Melquist et al., 1981), found mink to be active at the same location and time as otters, and their dens were as close as three metres apart, suggesting that active avoidance of otter by mink does not occur. This may be because of the favourable characteristics of that particular habitat. Food was plentiful in the study area           (Melquist et al., (1981)) and therefore it may not have been cost effective for otters to attack mink. Another possibility is that spatio-temporal avoidance in the North American study was at a finer scale which was not detected. For example, mink might only need to move a short distance to avoid an interaction with otters, as has been observed to occur between kit foxes (Vulpes macrotis) and coyotes (White et al., 1995). Furthermore, unlike the UK situation, this study was in North American where the two species had co-evolved, therefore making competition less apparent (Connell, 1980). 

Current research has tended to focus on temporal segregation between otters and mink, rather than spatial segregation (Hays et al., 2007; Garcia et al. 2009,                        Harrington et al., 2009a). For example, Harrington et al., (2009a) found differences in the timing of activity peaks between the 1990s (no evidence for polecats and otters found) and 2000s (otters and polecats present). They found that mink shifted from being nocturnal at the start of the study to diurnal in the latter half of the study when polecats and otters were present in the study site. Garcia et al., (2009) presented similar findings in a study undertaken in Central Spain. Therefore, active avoidance may occur on a temporal, rather than a spatial scale and therefore may not be immediately apparent. 

7.3.3. (b) Indirect aggression

In this study (Chapter 5), mink avoided tunnels and rafts scented with the spraints of European otter. Chemical signals are used extensively in the advertisement of territorial occupancy (Eisenberg and Kleiman, 1972, Gosling, 1990, Kruuk, 1992) and often offer the first line of defence against perceived intruders (Jaeger, 1986). If the intruder persists, aggressive encounters, usually followed by intense reapplication of scent marks by territory holders follows (e.g. ringtailed lemurs (Lemur catta), rabbits (Oryctolagus cunciculus), sugar gliders (Petaurus breviceps), Stoddart and Bradley, 1994). It is therefore in the interest of the intruder to avoid scent marks. There is evidence in the laboratory that they do, to some extent, discourage such movement. For example, urine from a male house mouse, when spread in a testing arena, tends to discourage exploration of the “marked” area by group-housed males (Jones and Nowell, 1973). Preston (2002), observed an absence of mink scats in areas where otter spraints had been encountered. However, mink footprints were located in the same areas suggesting that mink had ventured into the area but on encountering otter marks had avoided marking suitable resources such as den sites. 

7.3.4. Interference with intra-specific communication system

Because it takes a great deal of time and energy to patrol a designated territory, competitive countermarking is an indirect mechanism used by the dominant competitor to mask the smaller species’ odour signature and interfere with intra- specific communication (Wickens, 1991). A pattern of behaviour called over-marking is a common phenomenon among mammals and numerous functions have been proposed (e.g. Johnston et al., 1994, Wilcox and Johnston, 1995, Roberts and Dunbar, 2000). Over-marking may mask information from other individuals by coating a previously deposited scent with its own scent; an animal may prevent access by other individuals to chemicals from underlying scent, thus making it difficult to determine individual signatures in it (Rosell et al., 2000). A masking hypothesis has been proposed for many species that scent mark in situations that suggest territorial or home area defence and/or advertisement of dominance (Macdonald, 1979, Hurst, 1987, 1990).

Johnston et al., (1994) suggested that in golden hamsters (Mesocricetus auratus) countermarking might have a competitive function, because after test males investigated the marks of two individuals, one covering that of the other, they were shown to have remembered the top, but not the bottom scent. A possible explanation for this is that the top scent physically masked the bottom scent by preventing the chemicals in the bottom scent from vaporising and thus being perceived by the hamsters. These results suggest that one individual could acquire an advantage over another in advertising for a mate, defending a burrow, etc., by masking the evidence of the presence of a competitor. 

Such behaviour is readily seen among conspecifics (e.g. Roper et al., 1993; 

Gosling and Wright, 1994, Ramsay and Giller, 1996), but few studies have examined if marking has interspecific behavioural significance. Nevertheless evidence suggesting competitive exclusion of coyotes by wolves (Fuller and Keith 1981; Carbyn, 1982) provided the motivation for a study on interspecific communication, with marking serving as a medium for this. Barrette and Messier (1980) postulated that a territorial mammal would become conspicuous in an area by covering it in scent.            

Gosling (1982) hypothesised that within their own territories; owners remove or replace marks that do not match their own odour. Both predictions were fulfilled by observations of coyote marking on wolf trails (Paquet, 1991). The results of the study implied that coyotes recognised wolves as trespassing conspecifics and responded agonistically by over marking their territory.

Otters are known to countermark the scent of mink (Preston, 2002 and pers.observations) but not the other way around despite the use of scent marking by both species 

(Kruuk, 1992; Dunstone, 1993). The mink’s anal gland is a major source of specialised odour compounds (Brinck et al., 1978). Mink perform marking by dragging this gland over the ground, or by depositing faeces (Dunstone, 1993). It has been suggested that mink may be able to discriminate between individuals, and that such an ability may help in detecting intruders in the home range (Brinck et al., 1978). Dunstone (1993) reports unpublished research by Robinson (1987) that supports minks' use of scent to identify one another, to distinguish between known and unknown individuals, and between males and females. Gerell (1969, cited in Dunstone, 1993) first noted that mink leave scats in prominent positions within their home ranges, where the scent is likely to have carried furthest. Dunstone (1993, p.139) states "the violent reaction of a mink to the scent of an intruder leaves one in no doubt about the value of a scat". Consideration of the importance of olfaction for mink, could explain the decline/displacement of mink in the study area should otter interfere with this.
7. 4 .Exploitation competition

7.4.1. Diet 

Chapter 4 examined the effects of competition on food habits of the Eurasian otter and American mink. Competition was predicted to be asymmetrical in favour of the otter given that otters are more advanced aquatic hunters (Dunstone, 1993). Several studies have illustrated dietary shifts by the mink in response to increased densities of otter 

(Clode and Macdonald, 1995, Bueno, 1996, and Bonesi, 2002). A plausible explanation for this is that the subordinate mink is forced, by interference from the dominant otter, to seek its energetic requirements in habitats where the pressure of competition is less. The results of the study illustrate a clear shift in the diet of mink to a more terrestrial-based diet, at higher otter densities, when resources are limiting. It is less clear however, whether this shift is the result of interference or exploitation by the otter, although such a change in the foraging patterns of mink must presumably incur fitness costs, otherwise mink would exhibit the same preference for terrestrial prey when otters are absent.

7.5. Alternative Theories 
7.5.1. Mink declined because of competition with the polecat

Currently, polecats are restricted to Wales and the English West Midlands 

(Birks and Kitchener, 1999). In Staffordshire, there have been a number of polecat records, suggesting that they have spread from Wales back into the Midlands

(Staffordshire Local Records centre (SLRC), (2000). The majority of sightings and road kills come from the Stone (SJ9034) and Sandon (SJ9429) areas (Figure 7.1).This however does not mean that they are not present in the study area so it is therefore important to consider the potential impact of polecats on mink. 

Competition within mustelid communities has been discussed extensively

(King and Moors, 1979; Erlinge and Sandell, 1988) particularly with reference to the American mink and Eurasian otter (e.g. Erlinge, 1972; Jenkins and Harper, 1980;

Chanin, 1981; Clode and Macdonald, 1995; Bueno, 1996; Strachan and Jefferies, 1996; Previtali, 1998 and Ruiz-Olmo et al., 2001). However, competitive interactions between mink and the European polecat Mustela putorius (Linneaus, 1758), could be more significant than that of the mink and otter because of similarities in their morphology. Both species are sexually dimorphic, with males weighing on average 1.2 kg and females about 700 g (Corbet and Harris, 1991). In addition, mink and polecat tend to share similar resting sites, mainly tree roots and rabbit warrens (Dunstone and Birks, 1985; 

Birks and Kitchener, 1999). 

The diets of polecat include a wide variety of prey species, such as amphibians, small mammals, invertebrates etc., with mammals being one of the dominant prey groups (Danilov and Ruskov, 1969; Lodé, 1993). The diets of mink and polecat can be similar with a reliance on rabbits (Oryctolagus cunicukus) (McDonald, 2002), however unlike the mink, the polecat rarely feeds on aquatic prey. 

Harrington and Macdonald (2008) suggested some spatial overlap between polecats and mink although they found that individuals appeared to avoid simultaneous use of overlap areas. Their results also suggested temporal avoidance between the two, with polecats and mink being active at different times. However, otters were also present in the study site, so this segregation may have been a response to otters rather than mink?

Brzenzinski et al., (2010) in NE Poland undertook live trapping and radio-tracking of mink and polecats over a 6 year period. They found that mink were more active at dawn and polecats were more active at dusk. They also found differences in habitat preference, with polecats frequenting small streams, while mink preferred medium sized rivers. The authors suggested that co-existence between polecats and mink appears to exist, but they found no conclusive evidence to suggest that either population would be reduced by the other.

Bonesi et al., (2006) rationalised that if competition between mink and polecats existed, then there should be an inverse correlation between the two species. They found no such relationship. In fact, they found mink declined in areas where there were no signs of polecat.

Sidorovich and Macdonald (2001), found evidence in Belarus that female polecats, at least, were ousted from the best habitat by mink. This data conflicts with 

Harrington and Macdonald (2008), who found mink and polecats, appeared to co-exist to some degree. There are however important differences between the studies. Firstly, in NE Belarus, the environment is pristine, with little agricultural land, and extensive marshes and swamps bordering the rivers. In the UK, mink are restricted to linear, narrow snakes of habitat. It is possible therefore, that because the home ranges are oval rather than linear in Belarus, that mink will have more contact with polecat than their British counterparts. Secondly, the rivers in Belarus freeze in winter, therefore mink are likely to switch to a more terrestrial habitat, thus encouraging more contact again between these two species. Finally, polecats in Belarus are smaller than American mink, creating a size difference comparable to Eurasian otter and American mink.

Figure 7.1: Staffordshire distribution of polecats based on sightings and road kills (Crawley, 2005). 
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Overall, since the 1980s mink have been declining in the English West Midlands

(Bonesi, 2002) however as the area has also been re-colonised by the otter it is not possible to link the decline to the polecat. Moreover, data from the National Otter Survey shows that mink have declined in many other areas without polecats, such as South West and North England. 

7.5.2. Decline because trapping by gamekeepers increased

In the last century, the number of full-time gamekeepers in Britain has decreased from 23,056 in 1911 to approximately 3000 in 2006 (Tapper 1992, The National Gamekeepers Organisation 2006 data on the website). Locally, the density of gamekeepers was higher in the Midlands where mink were still increasing while lower in the South west where mink were decreasing (Tapper, 1992). From a national perspective, this observation does not support the hypothesis that mink declined because of increased pressure of trapping by gamekeepers. 

7.5.3. Mink declined because their main prey declined

Mink are generalist, opportunistic predators (Dunstone 1993). In the UK mainland, they feed mainly on rabbits during the summer (Dunstone 1993, 

Macdonald and Harrington, 2003), while in winter, with low water temperatures, fish dominate their diet (i.e. salmonoids (Salmo spp.); eels (Anguilla anguilla), and cyprinids), many species become torpid and easier to catch. Birds are also important prey items in the diet of mink (see McDonald, 2002 for a review). 

Since the start of the mink decline in the mid-eighties, neither the number of birds nor rabbits has been decreasing. In fact, the number of rabbits has increased all over England since the myxomatosis epidemic in 1954 that annihilated 99% of the British rabbit population (Trout et al., 2000). Populations of pheasant (Phasianus coclchicus), coot, woodpigeon (Columba palumbus), and mallard (Anas platyrhynchos), excluding the moorhen, which are susceptible to mink predation, have all been either stable or increasing (Mead 2000). Salmon (S.salar), trout (S.trutta), and eels have all declined in recent years (Knights et al., 2001; Mills 1989; Tapper 1999), but this decline has been countered by widespread stocking of farm-reared trout (Maitland and Campbell, 1992) and locally, the Environment Agency has been releasing salmon in to the River Dove since 1999

(SWT, 2001). Considering all this, there is very little evidence to support the premise that the decline of mink was due to a decline of its main prey items.

7.5.4. Mink declined because of stress induced immunosuppression

Stress involves real or perceived changes within an organism or in the environment that activate an organism’s attempts to cope by means of evolutionarily ancient neural and endocrine mechanisms (Greenberg et al., 2002). The hypothalamic-pituitary-adrenal (HPA) axis (more commonly referred to as the pituitary gland), has traditionally been seen as the body's “stress system.” It is the activation and tuning of the HPA that modulates the production of glucocorticoids (Munck et al., 1984). These hormones are released into the blood then bind to specific receptors on target tissues. One result of this is that glucose is released into the bloodstream where it is available as an energy source to the muscles for the fight-or-flight response (Schreck, 1998). The principal glucocorticoid is cortisol which also has a mineralocorticoid effect i.e. affecting the body’s sodium and potassium balance (Schreck, 1998).

Short-term elevation of corticosteroid levels has been shown to result in adaptive behavioural processes (Wingfield et al., 1998), but chronic and prolonged elevation of corticosteroids may lead to disease and even reproductive failure (Munck et al., 1984;

Lee and Cockburn, 1985, Sapolsky, 1987). 

Elevated corticosteroid levels have also been linked with suppression of the immune system (Hoffmann-Goetz & Pedersen, 1994; Nieman & Nehlsen-Cannarella, 1994) resulting in susceptibility to infectious diseases. Infectious diseases in carnivores are known to cause the decline and even the extinction of populations                                  (e.g. Sillero-Zubiri et al., 1996). If mink decline in the study area was the result of disease then it would be expected that the burden of parasites would be significantly more in areas where mink declined than in areas where mink increased. However, Bonesi (2002), through the analysis of microparasites (viruses, bacteria, fungi, protozoa) in the faeces of mink,  found no evidence of a difference in the proportion of parasitised animals between an area where mink were declining and an area where mink were increasing, suggesting that microparasites were not responsible for the cause of decline. However, there is not enough evidence to dismiss this hypothesis at this stage, and further research is required.

7.5.5. Mink have not declined but there has been a decline in mink marking behaviour

Much of the evidence for a decline in mink abundance in Britain is based on sign surveys (Bonesi and Macdonald., 2004; Bonesi et al., 2006), therefore consideration needs to be given to the possibility that mink marking behaviour could have changed in response to the otter’s return. Scent marking can have a negative effect on the fitness of a species by advertising an individual’s presence and location to a competitor/predator. In terms of fitness, it is therefore in the interest of the individual not to mark.  Laboratory mice reduce their marking levels in the presence of predator odour (Roberts et al. 2001); while lone dispersing wolves do not scent mark (Rothman and Mech, 1979). Furthermore, female otters don’t spraint on land to avoid predation of their cubs by infanticial males          Chanin, 1993).

Harrington (2007) in her D.Phil research attempted to assess the level of mink “marking” behaviour on the River Cherwell. Her results suggested that otters were increasing in distribution and abundance on the River Cherwell in the mid 2000s, inferred by spraint surveys. To assess the level of mink “marking,” she used two methodologies for determining mink relative abundance in response to this increase in otters. Scat surveys using the proportion of 500m river sections with mink scats and rafts recording the proportion of mink rafts with mink tracks. In parallel with the increase in the presence of otter spraints, she observed a decline in the distribution and abundance of mink scats whereas mink tracks on rafts showed an increase (Fig. 7.2). From these observations she concluded that mink were most likely to be altering marking behaviour in response to otters.

However, Harrington (2007) observations are delivered tentatively since her research was not designed as an experiment and her findings are speculative, being largely based on observations. Harrington (2007) mentions that no otter spraints were detected during an extensive survey in 2003 carried out by the local Wildlife Trust, therefore, it would have been interesting to known what the signs of mink were at this time. Furthermore, from her data (Fig. 7.2), the relative abundance of mink appeared to be cyclical rather than increasing and there is no clear, consistent negative correlation between scat and spraint abundance. The lack of experimental design, coupled with the limited data does not help to support the theory of a changing in marking behaviour. 

Furthermore, Bonesi et al., (2006), also tested changes in marking behaviour of mink, by comparing footprint to scat ratio between sites where the number of mink occupied sites recorded was declining, to where the number of occupied sites was increasing. They rationalised that if mink were still present when the number of occupied sites recorded was declining, but they were marking less, then the ratio of footprints to scats would be higher, than for a population where the number of sites was increasing. They found no tendency to find less scats to footprints when the number of sites occupied was decreasing. 

Figure 7.2. Data for Quarterly Scat surveys on the River Cherwell beginning in June 2004 (Harrington, 2007).
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7.5.6. Mink have not declined but mink habitat use has changed in response to the otter’s return

Some consideration should be given to the possibility that mink habitat use has changed in response to the otter’s return, thereby creating a false impression of reduce mink abundance. I attempted to explore this in Chapter 6 when surveying surrounding still-water fisheries in the catchment. I found no evidence of mink in any of the 40 still-water fisheries surveyed. It is know that both mink and otters prefer to remain very close to the river bank, and that even in the presence of otters, mink do not become exclusively terrestrial, but are always tied to the water (Birks, 1981). This is especially true for females that are more reliant on aquatic prey (Birks, 1981).

7.6. The otter-mink-water vole system

Mink were able to successfully colonise Britain, because its main native competitor, the larger otter, was already absent due to organochlorine insecticides polluting the waterways (Strachan and Jefferies, 1996; Jefferies and Hanson, 2002). Rigorous water purity and pesticidal regulations, complemented by government-funded introductions have served to reverse this trend resulting in otter making a successful comeback to many regions of the UK (Crawford, 2003).

Among invasive mammalian carnivores, American mink have had a major impact on native wildlife, particularly ground-nesting birds (Ferreras and Macdonald, 1999), and water vole (Barreto et al., 1998; Macdonald and Strachan, 1999, Jefferies, 2003). 

Research has shown that the increase in otter numbers in many parts of the UK has been correlated with a decline in mink (Strachan and Jefferies, 1996; Jefferies et al., 2000; Bonesi, 2002). Chapter 6 attempted to determine the implications, if any, of this negative correlation on the water vole at a regional scale. Breeding water voles, indicative of latrine numbers, increased slightly (12.5%) since 2000 (Ball, 2000), although a thorough mink/otter survey of 40 still-water fisheries failed to produce otter/mink field signs. Despite a lack of field signs found on still-water fisheries, Chapter 3 revealed that otters were found to have replaced mink in 43% of sites surveyed on adjacent riparian habitat. It is possible therefore that a loss of mink regionally, due to an increase in the abundance and distribution of otter, could have safe-guarded water vole on still-water fisheries in Staffordshire. This however is delivered with caution since, unless mink/otter radio tracking is used, it is impossible to say with certainty if such a cascade of events has occurred, or if an absence of mink on still-water fisheries, is due to other factors, for example, sub-optimal mink habitat or the use of mink traps. 

Mink are contributing to the demise of our native water vole, but even at low population densities following a water vole reintroduction, water voles can survive if a reactive mink removal strategy is adopted (Harrington et al., 2009b). Therefore, removal of mink by whatever means e.g., natural competition; predation or by human intervention through trapping , can only serve to increase the chances of the water vole escaping extinction, making research on  mink control, ecologically invaluable.
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Appendices

APPENDIX 1

Methodology for DNA extraction using the DNeasy Tissue Kit (www.Qiagen.com). 

· Add another 180 μl of ATL buffer

· Add 20 μl proteinase K, vortex

· Put in on a heating block  at 550C overnight 

· Vortex for 15 seconds

· Add 200 μl of AL buffer, vortex

· Put at 70 0C for 10 minutes

· Add 200 μl of ETOH 100%, vortex

· Pipette the mix over a minicolumn

· Centrifuge for 1 minute at full speed

· Throw away the flow-through, add 500 μl of AW1 buffer

· Centrifuge for 1 minute at full speed

· Throw away the flow-through, add 500 μl of AW2 buffer

· Throw away the flow-through

· Place minicolumn on a clean eppendorf tube

· Add 100 μl of AE buffer

· Incubate for 1 minute at room temperature

· Spin at full speed for 1 minute

· Add 100 μl of AE buffer

· Spin at full speed for 1 minute

· Throw away the minicolumn

· The DNA is in the Eppendorf tube to be frozen

APPENDIX 2

Methodology for preparation of samples for amplification

· Prepare a matermix for each primer comprising: PCR water, 10 x buffer, MgCl2, dNTP cocktail, forward and reverse primers. The quantity of the mastermix is dependent on number of samples, with extra to account for pipetting errors. Include a positive and no DNA control. In this experiment the positive control was 15 μl extracted DNA (from otter blood).The negative control was molecular grade water.

· Vortex the mastermix0

· Aliquot into tubes 44.6 μl of mastermix. Add the DNA 

· Add Taq polymerase, vortex

· Put in the PCR-machine with the suitable program

APPENDIX 3

Preparation of a 2% agarose gel are:

· Prepare gel mould

· Measure 100 ml of 1 x TAE buffer containing ethidium bromide into a measuring cylinder. This buffer will not only establish a pH, but provide ions to support conductivity in the gel.

· Weight out 2 g of agarose powder.

· Add agarose powder to 100 ml of Tris-acetate-EDTA (TAE), swirl and heat until boiling.

· Allow to simmer for 1 minute or until all agarose has dissolved

· Add 10 μl ethidium bromide (5mg/ μl) and swirl to mix. The dye intercalates between bases of DNA and RNA and therefore is used to facilitate visualization of DNA after electrophoresis.

· Allow to cool using a 60oC) water bath 

· Carefully pour into a prepared gel mould

· Allow the gel to polymerise for approximately 50 minutes

· Remove the cellotape and combs, using care not to rip the bottom of the wells.

· The gel, still in its plastic tray, is inserted horizontally into the electrophoresis chamber and covered with buffer

Once the agarose gel is set:

· aliquot 10 μl of each of the amplified DNA samples (the remainder to be stored at -20oC in a household freezer until loaded onto a polyacylamide gel)  into a clean eppendorf

· Add 5 μl of 6 x Promega blue/orange loading dye to each.

· Load each of the samples (include positive and negative controls) per well at

15 μl

· Also load a 100 bp ladder at 6 μl to the ends of each gel for size comparison. To make the ladder add 100 μl of 6 x blue/orange loading dye to 50 μl DNA ladder. Mix, microfuge briefly and vortex again.

· Run the samples at 100 volts for approximately 50 minutes. The distance DNA has migrated in the gel can be judged by visually monitoring migration of the dye, and running time can be adjusted according to the level of migration down the gel.

· Visualise the samples using an ultraviolet transilluminator. Note: DNA will diffuse within the gel over time, and examination and photography of the gel therefore took place shortly after cessation of electrophoresis.

APPENDIX 4

 Methodology for ethanol precipitation
· Estimate the volume of extract

· Add a 0.1 volume (of above) of 3M sodium acetate (pH 5.2) (For example, 0.1 volume meaning 1 μl sodium acetate per 10 μl extract)

· Add 2.0 volume (of above 1) of cold 95% ethanol. Mix thoroughly by vortexing

· Incubate at room temperature for between 10-30 minutes or more

· Centrifuge at 12,000-14,000 rpm for between 10-15 minutes

· Remove liquid rapidly but carefully so as not to lose pellet

· Add 0.5-1.0ml of 70% ethanol, gently rock the tube to rinse pellet

· Centrifuge at 12,000-14,000 rpm for 5-10 minutes

· Carefully remove supernatant

· Again, add 0.5-1.0ml of 70% ethanol and gently rock tube to rinse pellet. This is to remove trace amounts of salts which may affect enzymatic reactions.
· Allow to air dry on a bench for approximately 15 minutes until no traces of ethanol remain
· Add 50-100 μl PCR water, ensure pellet has resuspended 

· Run on a gel using a “speciation PCR” method to ensure DNA is present
· Store at -200C of samples

APPENDIX 5

Water vole raw data

	Fishery Pond
	No of ponds 
	Distance to
	Poaching
	Water vole 
	Presence of
	length bank >0.5m
	Length of

	 
	within 150 m
	nearest colony
	 
	breeding (1=yes)
	brown rat (1=yes)
	above water level 
	emergent vegetation

	Woodhead
	1
	1425
	1
	2
	1
	136
	43

	Dilhorne 'a'
	2
	250
	0
	1
	1
	158
	112

	Dilhorne 'b'
	2
	350
	2
	1
	1
	180
	43

	Boothefarm
	1
	1600
	1
	1
	1
	131
	108

	Pointonpool 'b'
	3
	4475
	2
	2
	2
	26
	38

	Haleshall 'a'
	2
	350
	0
	2
	1
	112
	297

	Haleshall 'b'
	2
	550
	1
	2
	2
	0
	56

	Shawhall 'c'
	3
	1000
	0
	2
	1
	35
	18

	Brickworks
	1
	2075
	0
	2
	1
	157
	71

	Shawhall 'b'
	3
	875
	0
	2
	1
	74
	19

	Shawhall 'a'
	3
	925
	2
	2
	1
	18
	84

	Coneygrovepool
	1
	3375
	1
	2
	2
	100
	69

	Smallbrookpool
	1
	2625
	3
	2
	2
	191
	60

	Pointonpool 'a'
	2
	4525
	0
	2
	2
	14
	88

	Pointonpool 'c'
	2
	4500
	1
	2
	1
	0
	27

	Shawpark 'a'
	2
	850
	1
	2
	1
	75
	45

	Shawpark 'd'
	3
	675
	3
	2
	2
	87
	10

	Shawpark 'c'
	2
	700
	0
	2
	2
	68
	36

	Shawpark 'b'
	2
	670
	0
	2
	1
	77
	32

	Blakehall 'a'
	2
	875
	1
	1
	1
	0
	114

	Blakehall 'b'
	3
	850
	1
	1
	1
	26
	58

	Blakehall 'c'
	5
	1025
	1
	1
	1
	179
	344

	Blakehall 'd'
	8
	10
	0
	2
	2
	50
	51

	Blakehall 'e'
	8
	1350
	1
	1
	2
	75
	143

	Blakehall 'f'
	7
	1400
	0
	1
	2
	175
	126

	Blakehall 'g'
	7
	5
	1
	2
	2
	0
	30

	Blakehall 'h'
	7
	1425
	0
	1
	1
	0
	83

	Blakehall 'I'
	7
	1400
	0
	1
	1
	41
	65

	Blakehall 'j'
	7
	1375
	1
	1
	2
	36
	53

	Stansmore 'a'
	2
	10
	2
	2
	1
	11
	64

	Stanmore 'b'
	2
	125
	3
	2
	2
	41
	18

	Luslowpool
	1
	4350
	0
	2
	1
	42
	258

	Jackhayes
	1
	4355
	0
	2
	2
	99
	37

	Cellarheadpool
	1
	3425
	0
	2
	2
	67
	21

	Caverswallmoat
	1
	1450
	0
	2
	2
	0
	23

	Newhousepool 'a'
	2
	1900
	1
	2
	2
	72
	28

	Newhousepool 'b'
	2
	1850
	2
	2
	1
	63
	12

	Darleyshirepool
	1
	5125
	0
	2
	2
	121
	98

	Woodlands
	1
	1850
	2
	2
	2
	58
	45

	Smitheypool
	1
	4350
	0
	2
	2
	129
	45
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